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THE 


PHYSICAL REVIEW. 


FALSE SPECTRA FROM THE ROWLAND 
CONCAVE GRATING. 


By THEODORE LYMAN. 


T is proposed to show in the following paper that among the 
spectra formed by the Rowland concave gratings there are 
spectra not accounted for by the ordinary theory of the grating ; 
that such spectra are common and at times fairly strong and of 
excellent definition; that these spectra are diffraction spectra, of 
much less dispersion than the ordinarily recognized spectra, and 
that the errors of ruling to which they are due are not local but 
general to the whole surface of the grating. Finally it is proposed 
to explain an experimental method by which these false lines can 
be sorted out from the regular and calculable overlapping spectra. 
These lines are especially dangerous in series spectra work, giving 
a somewhat systematic reproduction of strong lines and groups, 
which reproductions in actual vibration frequencies do not exist. 
There is probability and some evidence that such errors have been 
committed in the past, and it was in the presence of this danger 
that the false spectra were here discovered. 

In the year 1893, Schumann showed that the ultra-violet spectrum 
could be extended to the neighborhood of 1,000 He used a 
spectroscope fitted with a fluorite prism and fluorite lenses. The 
apparatus was so constructed that it could be enclosed in a case 
from which the air could be exhausted. According to his investi- 
gation, it was chiefly the absorption of the air for light of very short 
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wave lengths that had prevented other investigators from extending 
the spectrum below wave length 1,800 #. Owing to the nature of 
a prism spectrum, it was difficult for Schumann to determine accu- 
rately the wave lengths of the lines which he discovered. Since his 
paper, no attempt seems to have been made to measure these lines. 
It was in an effort to determine these wave lengths that the false 
spectra above referred to were first observed. 

It seemed probable that if a concave grating could be used to 
obtain the ultra-violet lines, an accurate determination of their wave 
length would be possible. Accordingly, some two years ago, Mr. 
E. H. Colpitts and the writer undertook the investigation. The 
methods used and the results obtained were briefly as follows : 

The concave diffraction grating, slit and photographic plate were 
all enclosed in an air-tight cast iron box. Light was admitted to 
the box through a fluorite window. The source of light was a 
powerful electric spark, obtained from a transformer run from the 
commercial circuit ; a capacity equivalent to four large Leyden jars 
was placed in parallel with the spark gap ; magnesium was used for 
terminals. Following Schumann’s work, the air was exhausted 
from the box. The spark was placed close to the fluorite window 
in order that the column of air between the source and the plate 
should be as short as possible. Under these circumstances a photo- 
graph was obtained showing lines apparently down to wave length 
924 #, a value lower than Schumann’s lowest estimated wave length. 
Terminals of aluminum, cadmium, cobalt, nickel and copper were 
tried. All showed lines below 1,800 »; some showed lines as far 
down as position 950 #4. 

During these experiments, the air pressure in the apparatus did 
not always have the same value. Some plates were taken with the 
pressure as high as 1 cm.; others with it as low as .2 cm. It was 
observed that this difference in pressure did not have any effect on 
the strength of the lines. Upto this time the first spectrum had 
been used ; now it was desired to find these lines in the second spec- 
trum. In spite of the greatest care, however, no trace of any line 
below 1,900 # could be found in the second spectrum. 

The absence of the lines in the second spectrum, together with 
their behavior under small differences of air pressure, raised the 
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suspicion that, either the lines were not due to light of a very small 
wave length, or that light of very short wave length was not ab- 
sorbed by the air to the extent indicated by Schumann. To test 
this idea the spark was first removed to a metre’s distance from the 
fluorite window. This air column did not reduce the intensity of 
the new lines. Next air was admitted to the box, and still the 
lines were unchanged in intensity, even through a column of air now 
five metres long. Evidently the lines were not absorbed by air. 

Lest the special brand of plate employed was particularly sensi- 
tive to the extreme ultra-violet, a number of different plates were 
tried. In each case a good photograph was obtained showing 
practically all the lines. 

A piece of window glass was placed between the slit and spark 
and no trace of the lines could then be found. Since the light 
causing these lines is absorbed by glass and is not absorbed by air, 
it would seem to have a wave length between 3,500 # and 2,000 p, 
according to the accepted absorbing power of these two media. 

It was now observed that the groups in the magnesium spectrum 
at 2,790 », 1,873 mw and 924 yp were, even to casual inspection, 
strikingly characteristic and identical in general appearance. Fur- 
ther, on measuring their dispersions, they were found to be propor- 
tional to the displacements of the groups from the slits. Therefore, 
these groups formed either a remarkable series reproduction or a 
heretofore unobserved diffraction phenomenon. Thus the issue was 
definitely raised whether these lines were real first spectrum lines, 
produced by light of wave lengths 924, 1,873 and 2,790, and ar- 
ranged in a I, 2, 3 series, or whether they were all produced by 
light of one wave length and owed their position to some diffraction 
phenomenon connected with the grating. 

To distinguish between these alternatives, recourse was had to 
the relative refrangibility of these lines through quartz. To this end 
a small angle quartz prism was placed between slit and grating and 
a short distance from the slit. The effect of this prism was to pro- 
duce virtual images of the slit whose displacements were nearly 
proportional to the refrangibility of the light. This device resulted 
in the displacement of each line in the grating spectra by an amount 
proportional to the refrangibility of the light producing that line. 
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If the lines at 1,873 4 and 924 u were caused by light of the same 
wave length, they would suffer equal displacements. If they were 
caused by light of different wave lengths, they would be displaced 
by different amounts. 

The experiment was tried and it was found that the groups at 
2,790 #4, 1,873 # and 924 yall suffered about equal displacements. 
From 2,790 » down to the region of 1,873 y, the displacement of the 
groups increased as the wave length decreased. There was then a 
discontinuity in the rate of increase of the displacement before 
1,873 # and a second discontinuity between 1,873 4 and 925 yp. 

The most obvious conclusion from these data is that the lines at 
1,873 # and 924# are not due to light of wave lengths corresponding 
to the positions of the lines in the spectrum. They seem to be 
caused by light having a wave length near 2,800 #7; they seem to be 
reproductions of some part of the true spectrum, curious phantom 
lines due to some property or imperfection of the grating. An ex- 
amination of the lines below 1,900 » taken with aluminum terminals 
fully carried out this theory. 

Before leaving this first grating, which we will call No. 1, it is im- 
portant to note that although the groups in magnesium at 2,790 #1, 
1,873 and 924 4 closely resemble each other, their wave lengths 
are not exactly in the 1: 2:3 ratio, 2 x 924 = 1,848 which differs 
from 1,873 by 25 

It was proved that these phantom lines were not due to any local 
variation in ruling by shielding all but a narrow strip of grating sur- 
face, and then moving the screen so as to expose each strip in turn. 
In this way a series of photographs were obtained, each from a dif- 
ferent strip of grating surface. They all showed the phantom lines 
with about equal intensity. 

In addition to the grating with which the investigation was begun, 
three others were examined. Two of these were of larger radius— 
21 feet, the other was similar in type to the first instrument. Of 
the two large gratings, one showed the phantom lines distinctly. 
The two strong groups formerly at 1,873 4 and 924 were now 
found at positions corresponding to 1,728 # and 1,079. The other 
large grating did not show the lines at all. The last small grating 
showed the reproduction of group 2,790 at positions of about 
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1,870 “and 9247. In addition, however, there were also numer- 
ous less distinct reproductions scattered between these two positions. 

We may now sum up the facts arrived at in these few pages. Of 
four concave diffraction gratings examined in this investigation, three 
showed the phenomenon of phantom lines. These lines vary in 
position with the grating by which they are produced, but the varia- 
tion cannot be connected either with the variation of radius of curva- 
ture of the grating or with the number of lines to the inch. The 
most prominent of these phantom lines closely resemble some group 
in the true spectrum. This repetition of a true group occurs most 
strongly twice. The width of these phantom repetitions is propor- 
tional to their apparent wave length. The wave lengths of the true 
group and its phantom repetitions bear no simple relation to one 
another. The photographs obtained with gratings 1 and 4 show a 
very large number of faint repetitions of a group or set of groups. 
These repetitions form a sort of background to the main spectrum 
between 1,800 # and goo p. 

A more detailed account of the apparatus and of ie & 
the numerical results of the investigation will now be | 
given. The consideration of the causes which produce 
these phantom lines is left for the end of the paper. 

The first grating investigated was one of 180 cm. 
radius. The plate was prepared by Brashear and ruled 
by Rowland’s engine in the year 1897; it had 14,438 
lines to the inch. To economize space a mounting 
somewhat different from that of Rowland was used. 
The grating and slit were fixed in position at a distance 
apart equal to the radius of curvature of the grating. 
The plate-holder was carried by an arm pivoted ata 
point on the line connecting slit and grating and mid- 
way between the two. The length of the arm was, of 
course, half the radius of the grating. The plane of 
the grating was so adjusted that the principal image 
fell about 2 cm. to the right of the slit. This was 
done to avoid reflection from the polished jaws of the 
slit. The plate-holder was constructed to take a plate 5 inches long 
and 1 inch broad. The form of the box in which the apparatus 
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was enclosed is not material to this investigation. The spark which 
served as a source of light was placed within 3 mm. of the fluorite 
window. In the first experiments the width of the slit was about .1 
mm. and the time of exposure was about 1 hour. Later, however, 
good photographs were obtained with exposures of from 12 to 15 
minutes. In making tests for the absorption of the air a quartz lens 
was placed between the source and the slit. 

In developing photographs of this type, great contrast is the chief 
object. The kind of developer used thus becomes important. After 
several trials, an Ortol-Soda developer was found to give the best 
results. 

The apparent wave lengths of the different lines which come un- 
der consideration were determined by comparison with the normal 
sun spectrum. <A dividing engine with a 4% mm. screw was used. 
This screw, when used to measure lines on a 6-foot grating pos- 
sesses for a run of 20cm. anaccuracy better than one one-hundredth 
of an Angstrom unit. The plate was observed by means of a 
stationary microscope fitted with a 4-inch objective and micrometer 
eye piece. The value of one centimeter of plate length in terms of 
Angstrom units was determined by measurements taken between 
two given sun lines, located by Rowland’s map. In order to get a 
photograph of the sun spectrum and the magnesium spectrum on 
the same plate, a shutter was placed before the slit and so adjusted 
that the upper or lower half could be exposed at pleasure. By this 
means two narrow spectra were obtained, one above the other. The 
method is preferable, when working with the first spectrum, to the 
usual mode of protecting the plate itself by a swinging screen. 

When it became necessary to test the nature of the light pro- 
ducing the lines at 1,873 # and 9244 in the magnesium spectrum, 
the following arrangement was adopted. The quartz prism of an 
angle of 5 degrees was placed some 30 cm. distant from the slit, but 
not on the straight line joining slit and grating. Thus when the 
source was in position A, the light did not fall upon the prism ; but 
when it was in position 4, the light passed through the prism. In 
the first case, the upper half of the slit was closed by the shutter ; 
in the second, the lower half was closed. The result was, of course, 
to produce two spectra, one above the other; the one due to light 
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which had passed through the prism was thus shifted toward the 
red. The general appearance may be seen from Fig. 3, Plate 1. 

It now becomes necessary to consider more in detail the behavior 
of the light of these ultra-violet spectra when passed through the 
quartz prism. The results for magnesium may be seen from the 
following table. The lettering of the groups on the plans 
of the spectra is, of course, arbitrary. The chief or real 
groups are marked with an unsubscripted letter. The re- 
productions are marked with letters bearing a subscript. | 
The plates are from drawings made from the original photo- 
graphs. Beginning with magnesium, Fig. 4, six principal 
groups of lines are to be noted, they extend from the pair \ 
of lines marked A,, wave length 1,966 y to the strong group | 
C,, wave length 9244. Besides these strong lines, there | 
are six fainter groups distinctly visible, 4,, 2,, CG, A,, 2, |! 
and C,. A,resembles group 4,, C, group C,; C, resembles | | 
group C,, A, group A,._ It is to be noted that while 4, and | | 
C, lie on the right or ultra-violet side of A, and C,, C, and | 
A, lie on the left or red side of C, and A,._ In addition to bt 
the simple groups of lines already mentioned, the whole | 
spectrum, from one end to the other between A, and C, 1s —_ 
filled with a number of fine, faint lines. These lines are 
not regularly arranged so as to produce fluting, but rather | 
present the appearance of a reproduction of groups of lines. 

If we examine the displacements produced in these groups Fig. 2. 
when the light is allowed to pass through the quartz prism 
before falling upon the grating, the following facts become evident. 
A steady increase in displacement is observed in the successive lines 
going from the strong group at 2,790 » (C) towards the ultra-violet 
until we get in the neighborhood of group 4,. At this point the 
amount of displacement suddenly returns to about the value it had 
at 2,790. Between groups A, and J, the displacement suffers a 
second discontinuity. Thus 4, gives 42.1 mm., ), 39.8 mm. The 
displacement of C, is almost exactly that of C, and very nearly that of 
group C, 2,790. The figures are 42.25 mm., 42.25 mm., 42.21 
mm. As stated before the most obvious conclusion from these data is 
that the lines A, to C, are not due to light of wave lengths corre- 
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sponding to the positions of the lines in the spectrum. They seem 
to be reproductions of some part of the true spectrum. 

On the aluminum plate, there are present six strong lines B,, C,, 
D,, £,, B,, C, with wave lengths from 2075 4 to 933. There 
are faint reproductions of these groups similar in arrangement to 
those observed with magnesium. There is a background of fine in- 
distinct lines. On allowing the groups to be displaced by the prism, 
we find group VD, less displaced than group C,, and group J, less 
displaced than a real group called /. 


Magnesium. 


Group. Apparent wave length. Displacement. 
C. 2790 u 42.2 mm. 
2713. 43.4 
Il. 2682. 43.9 
A,. 1966. 42.1 
A,. 1924. 

b,. 1914. 
c.. 1873. 42.2 
C.. 1834 42.3 
D,. 1475 39.8 
E.. 1266 40.2 
A, 969 41.9 
964 
b,. 944 
924. 42.2 
Aluminum. 

Group. Apparent wave length. Displacement. 
i. 2376 u 38.8 mm. 
B,. | 2075 36.1 
C.. 1890 36.7 
D,. 1300 34.9 
E,. 1184 35.3 
B,. 1023 36.0 

933 36.6 


_We may now consider the false nature of the lines as established. 
It remains to investigate the causes which produce this diffraction 
phenomenon. 

It is perfectly evident that the phantoms are not due to a local 
variation in the rate of ruling, such as produce ghosts ; for we have 
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seen that the fault is not local in the grating surface. Mcreover, we 
know that a ghost always occurs close to the line of which it is a 
reproduction. 

The phantoms are not due to a false source of light since the dis- 
persion of the various reproductions is not the same as that of the 
real group. We may discard the hypothesis that the mounting of 
the grating or the position of the source of light has any effect. 
The lines occur with various forms of mounting and with various 
positions of lens and source, as will be seen later. We have to deal 
with a diffraction phenomenon, with an inherent property of the 
diffraction grating itself. 

It seems probable that in developing the theory of the grating 
some assumptions have been made which are not according to fact. 
It is in the error of such assumptions that we must seek the solu- 
tion of our problem. 

It is generally assumed in treating the grating that the lines of 
the ruling are of equa] width and are separated by equal spaces. In 
the very nature of things, it is evident that this cannot be the case 
in view of the very minute distances involved and the almost incon- 
ceivable rigidity of the ruling engine which would be necessary. 
These variations, slight in absolute amount, may be a considerable 
fraction of the distance from line to line. It is clear, moreover, on 
experimental as well as on the theoretical ground that these variations 
are not local but extend over the whole surface of the grating. 

It appears, then, that the departure from equal spacing assumed 
in the theory of the concave grating, is not the random departure 
which is next in theoretical simplicity, but a more or less systematic 
departure which has emphasized disproportionately certain of the 
subordinate maxima called for in the conventional theory. If the 
position of the false maxima occurred in the ratio 1 : 2: 3, or in any 
other simple ratio, the phenomena would invite an analytic discus- 
sion. As an experimental fact, however, our lines are not harmoni- 
ously placed with respect to the slit, nor are they arranged accord- 
ing to any discoverable system. Moreover, they are different in 
character and position when obtained by different gratings ruled by 
the same engine. It seems most likely that the phantom lines are 
due to anumber of superposed first spectra of varying dispersions ; 
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and that these false spectra owe their existence in some manner to 
the variation in width and sepatration of the grating lines. Under 
these conditions, an analytic discussion seems less profitable than 
the presentation of the experimental data. 

In order to substantiate the statements just made, it becomes the 
next object of the investigation to observe carefully the relative 
positions of the phantom lines, not only in one, but in several differ- 
ent gratings. 

We must carefully observe, in looking over the tables already 
given, that although several groups bear a strong resemblance to 
each other, and though the apparent wave length of these groups 
are nearly in one, two, three ratio, this ratio is never exact. 

In aluminum, the line C, seems to resemble the line C,, but 
2 X 933 = 1,866 not 1,890. The group 4, resembles 4,, but 22, = 
2,046, not 2,075. There certainly is no exact 1, 2, 3 relation, al- 
though lines corresponding roughly to 3C, and 34, in wave length 
may be found for aluminum. The difference between 2,046 » and 
2,075 4 = 29 Angstrém units cannot possibly be due to the error 
of observation. It is perfectly safe to say that the measurements of 
wave lengths in the table are correct to 1 Angstrom unit. 

Before examining another grating, there are one or two more 
points which need attention. A concave grating produces two 
spectra of the first order, which in this form of mounting lie on each 
side of the slit. The spectrum on the left had been investigated, it 
was now necessary to observe the spectrum on the right of the slit. 
The grating was therefore turned upside down, by which process 
the spectrum formerly on the right of the slit now fell upon the left. 
Photographs taken showed the lines, 4,, C,, A, C,, etc., in magne- 
sium as clearly as before. The grating was next turned about a 
vertical axis until the direct image of the slit fell upon the plate. No 
lines below group C, were revealed by this process, nor was the 
position of the lines greatly changed. It must be noted, however, 
that the turning of the grating will somewhat distort the spectra and 
change the value of » to cm. 

The second grating to be investigated was of 21 ft. radius, 
14,438 lines to the inch. It was arranged on Rowland’s mounting. 
The intensity of the spectra given by this grating was very inferior 


| 
| 

| 

| 

| 


No, 1.] FALSE SPECTRA. II 


to that obtained with the 6 ft. instrument. The first spectrum was 
selected to work with, the magnesium spark was used as a source. 
It was found necessary to give an exposure of an hour and to use a 
slit .2 mm. in width. A good deal of care was taken to have the 
exposure of the proper length; if too short, the lines themselves 
would not appear ; if too long, the lines would be obscured by fog. 
With this 21 ft. grating, a very little fog would quite shield any 
very faint line. After some trouble, the characteristic reproductions 
of group 2,790 were found. They now occurred, however, at 
positions corresponding to wave lengths of 1,728 4, 1,079. The 
widths of the groups were 4.8 mm., 2.8 mm., 1.8 mm. Thus, 
though these phantom lines have different apparent wave lengths 
when measured on different gratings, their dispersion seemed pro- 
portional to the wave length. It must be noted that with grating 
No. 2 only the lines called 4A,, C, and A,, C, are visible; the 
other fainter lines, as well as the fluted effect in the background be- 
ing totally absent. This is well accounted for by the feebleness of 
the spectrum obtained from grating No. 2. The apparent wave 
length of these groups was obtained by the same method as that 
previously employed. Owing to the great distance between the 
head group (2,790 ») C and its reproductions, a cathetometer was 
used, The results are correct, however, to better than 2 Angstrom 
units. The widths of the groups were measured on the dividing en- 
gine and are correct to within.o3 mm. The value of 1 cm. of plate 
length was obtained from measurements between two sun lines. 

It would be interesting to take groups C, and C, on one very 
long plate, and group C, and the image of the slit on another. By 
this method the wave lengths of C, and C, could be very accu- 
rately determined. As it is, however, I feel certain that groups 
2,790 # C, and C, as obtained with grating No. 2 are not in 1:2: 3 
ratio. 

The next grating investigated was one of 21,000 lines to the 
inch and 21 ft. radius. Here the illumination was even more feeble 
than with grating No. 2. Great trouble was experienced from fog. 
The lines in magnesium, C, and C, could not be found. The last 
grating examined was similar to No. 1. It has a radius of 183 
cm., 14,438 lines to the inch; it was prepared by Brashear ; it was 
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ruled by Rowland’s engine at Johns Hopkins in the year 1894. 
The mounting was the same as that of grating No. 1. 

The character of the photographs obtained with grating No. 4 
was quite different from those obtained with grating No. 1. Lines 
A,, C, and A,, C, were present and with about the same appa- 
rent wave length as before. They were, however, very much less 
distinct than when obtained with grating No. 1. The fluting 
effect was not very sharp; but, on the other hand, the space be- 
tween positions 1878 # and 924 y» was filled with reproduction 
of groups A, and C,, of such clearness as to be quite unmistakable. 
The wave lengths of some of these phantom lines was determined 
in the same manner as before. Groups corresponding in appear- 
ance to the family marked A, A, A,, etc, were found at 1,970 4 
1,020 and 993 and 9704. The group called C, C,, etc., were 
found at 1,878 # and 924 y very clearly, and at more than eight 
other positions in a less distinct form between 1,878 and 924 #2. 
In fact, the spectrum in this region is so filled with groups of the 
A, C type that the lines of one family overlap lines of the other in 
many cases. 

Such, then, are the experimental data connected with this phe- 
nomenon. Before coming to a statement of conclusions, however, 
the following facts are of interest. 

* Some of the reproductions belonging to the set of lines 4, and 
£, in aluminum occur under the real spectrum and may be ob- 
served if proper care is used. 

Gratings of large radius do not show the false lines with as much 
clearness as gratings of small radius. So feeble indeed are the 
false lines obtained with the 21 ft. grating that it is improbable that 
they would be noticeable in ordinary spectrum work. With a six 
foot grating, however, the false lines are so strong that they might 
easily cause errors in series spectrum investigations. We have 
seen, moreover, that the false lines from grating No. 1 are much 
stronger than those from grating No. 4, and we have reason to sus- 
pect that gratings exist which produce false lines even stronger in 
character than those obtained with grating No. 1. Gratings 1 and 
4 differ little in radius and have exactly the same number of lines 
to the inch, yet their false spectra are entirely different in character. 
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We cannot apparently predict the nature of the false spectra of one 
grating from the false spectra produced by another of the same 
ruling and radius. 

The conclusions arrived at in this paper may be stated as follows : 

1. The first spectrum produced from the Rowland concave grat- 
ing is not pure, but is complicated not only by underlying spectra 
of higher order, but by the presence of a number of spectra of 
lower dispersion than the chief spectrum. 

2. The number and dispersion of these false spectra obey no 
simple law. 

3. The number, dispersion and clearness of these spectra differ 
with different gratings. 

4. The lines due to the false spectra are most clearly visible in 
the extreme ultra-violet, owing to the absence of strong real lines, 
and are so pronounced as to screen the feeble real line that may 
occur in this region. 


JEFFERSON PuysicAL LABORATORY, HARVARD UNIVERSITY, 
CAMBRIDGE, MAss., October, 1900. 
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A MODIFICATION OF THE USUAL METHOD OF DE- 
TERMINING TRANSFERENCE NUMBERS AND AN 
INVESTIGATION OF THE INFLUENCE OF THE 
CONCENTRATION ON THEIR VALUES IN THE 
CASE OF SOME TRI-IONIC SALTS. 


By ArtTHUR A. NOYEs. 


I. PURPOSE OF THE INVESTIGATION. 


S has been frequently pointed out, the dissociation of tri-ionic 

salts, such as potassium sulphate and barium nitrate, like that 

of most dibasic acids, might well be expected to take place in the 
two stages expressed by the following equations : 


K,SO, + K'+KSO; and K’ + S0”, 
Ba(NO,), BaNO; + NO{ and BaNO; Ba” + 


Up to the present time, however, no conclusive experimental evidence 
of the existence of such intermediate complex ions as KSOj; and 
BaNO, has been presented. The freezing-point lowering and elec- 
trical conductivity of such salts prove, to be sure, that, even in 
moderately concentrated solutions, the intermediate ions, if they 
exist at all, are present only in relatively small amounts. Never- 
theless, the question is still unanswered, whether the portion of the 
salt that is not completely dissociated consists wholly of undisso- 
ciated molecules (K,SO, and Ba(NO,),) or mainly of the partially 
dissociated ones (KSO{ and BaNO,). The answer to this question 
cannot be reached by the method used in the case of dibasic acids, 
since it is only for hydrogen and hydroxyl ions that we possess 
specific quantitative methods of determination. The property 
adapted to throw the most light on the matter would seem to 
be the change of the transference numbers of such salts with the 
concentration ; for if KSO{ or BaNO, ions exist in moderately con- 
centrated solution and if these ions are dissociated in diluter solu- 
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tions, as they must be, into K’ and SO{’ or Ba” and NO, ions, it is 
evident that the proportion of potassium or barium transferred in the 
differently concentrated solutions will be markedly different. 

This investigation was therefore undertaken in order to determine 
the effect of dilution on the transference numbers of some tri-ionic 
salts. Since the results, to be of much value in connection with the 
theoretical question just referred to, must have a high degree of 
accuracy, my first efforts were, however, devoted to perfecting the 
usual method of determining transference numbers, and these have 
led to a modification of it, which it is one of the main purposes of 
this article to describe. 


2. ReEsuLTS OF PREVIOUS INVESTIGATORS. 


Before describing my own experiments, the results of previous 
investigators bearing directly on the subject may be mentioned. 

In the first place, it may be recalled that various investigators 
have proved that the transference numbers of d-ionic salts do not 
vary with the concentration, provided the latter does not exceed a 
moderate value, for example, 0.5 mol per liter. Thus, this has been 
shown by Hittorf in the case of potassium chloride, bromide, iodide, 
chlorate, nitrate, cyanide, and acetate, ammonium chloride, sodium 
chloride, nitrate, and acetate, and silver nitrate. This constancy of 
the transference numbers has been confirmed by other investigators ' 
in the case of many of these salts, and has been found by Loeb and 
Nernst? to apply also to silver acetate and silver ethylsulphate. 
The only exceptions thus far discovered are in the cases of lithium 
iodide and chloride, which have been found by Kuschel* and Bein ‘* 
to behave like the halides of the alkaline-earth metals (see below). 
Aside from these exceptions, which are probably to be explained 
by assuming the formation of intermediate complex ions, the state- 
ment made above in regard to the non-variations of transference 
values with the dilution holds true. 


! For the original literature on transference determinations, see Bein, Ztschr. physik. 
Chem, 27, 1. For a summary of all existing values for concentrations up to 0.1 nor- 
mal, see Kohlrausch, Wied. Ann., 66, 816. 

2 Ztschr. physik. Chem., 2, 948. 

3 Wied. Ann., 13, 289. 

* Ztschr. physik. Chem., 27, 50. 
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Hitherto only very few tri-ionic salts have been satisfactorily in- 
vestigated in this direction. Aside from the earlier experiments of 
Hittorf, Weiske, Kuschel, and others, which are not sufficiently ac- 
curate to throw any light on the present question,’ and aside from 
the more recent experiments on the halogen compounds of cad- 
mium and zinc, which exhibit unusually complicated relations, the 
only determinations available for our purpose are those of Bein * on 
barium, strontium, and calcium chlorides, and of Hopfgartner* on 
barium chloride. It is desirable that even these determinations 
should be confirmed, since the results obtained are somewhat re- 
markable in their character. It was found, namely, that the trans- 
ference number of the cathion increases with increasing dilution, 
which is just the opposite of the effect which would arise from the 
presence of BaCl’ or CaCl’ ions in the more concentrated solution. 
Barium chloride was, therefore, included among the salts which I 
have investigated. The significance of the behavior which it ex- 
hibits will be further considered below. 


3. DESCRIPTION OF THE METHOD. 


As is well known, the principal difficulty met with in determining 
the transference numbers of salts for which electrodes of the same 
metal can not be used arises from the fact that free alkali and acid 
are generated at the cathode and anode respectively and that the 
hydroxyl and hydrogen ions thus produced, on account of their 
high rates of migration, rapidly pass into the middle portions of 
the solution, thus changing its composition and its transference re- 
lations.‘ This change in composition can be greatly retarded on 
the anode side by the use of a cadmium electrode, since the cad- 
mium ions that pass into solution have a rate of migration very 
much smaller than that of hydrogen ions. This kind of anode has 
in fact been generally employed.’ There has been, however, no 


1Compare Bein, Ztschr. physik. Chem., 28, 439-452, in regard to the errors of the 
early determinations ; also Kohlrausch, Wied. Ann., 66, 818, in regard to the disagree- 
ment of the results of them. 

2Ztschr. physik. Chem., 27, 50, 51. 

3Ztschr. physik. Chem., 25, 137. 

4See Bein, Ztschr. physik. Chem., 27, 3-18, for a full discussion of this matter. 

5 Compare Bein, Ztschr. physik. Chem., 27, 21, in regard to the source of error arising 
from the deposition of small quantities of basic salt on the anode. 
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equally satisfactory method described for preventing the dispersion 
of the hydroxyl ions produced at the cathode,’ and Hittorf, Bein, 
and others in their investigations have simply taken care to stop the 
electrolysis before the alkali had reached the middle portions. 

This procedure is, however, open to the objection that the abso- 
lute amount of substance transferred is necessarily small, and since 
this small amount is obtained as a difference of two much larger 
experimentally determined quantities, the percentage errors in the 
final results are necessarily large. Thus in Bein’s experiments on 
metallic chlorides, which are probably the most accurate with po- 
larizable electrodes thus far published, the amount of chlorine trans- 
ferred was in almost all cases between g and 40 milligrams, and 
this value was obtained by subtracting two quantities usually 4-10 
times as great. It is true, to be sure, owing to the great accuracy 
of the volumetric determination of chlorine, that the corresponding 
transference values exhibit an average deviation from the mean of 
only 0.6-0.7 per cent. This degree of accuracy could probably 
not be reached in the case of most other ions, and even it leaves 
very much to be desired. 

It occurred to me now that the difficulty just considered, arising 
from the dispersion of the hydrogen and hydroxy] ions into the so- 
lution, might be entirely obviated by the simple device of gradually 
adding during the electrolysis to the solutions around the cathode 
and anode, sufficient amounts of the acid and base, respectively, of 
which the salt is composed, to keep those solutions neutral (or, 
preferably in practice, slightly acid and alkaline, respectively). If, 
furthermore, the acid and base added are dissolved in suitable quan- 
tities of water, it is evident that not only the formation of new sub- 
stances around the electrode may be prevented, but also that the 
changes of concentration of the original salt due to transference may 
be compensated, so that the whole solution will remain unchanged 
in composition, and the electrolysis can be continued indefinitely. 
Thus, if the transference number (which is approximately 0.5) of a 

1 Both Lenz and Hopfgartner with this purpose in view, covered the cathode, which 
consisted of mercury, with concentrated zinc chloride solution, but this prevented an 
accurate analysis of the solution around the cathode. 


2 This estimate is based on a consideration of Bein’s results with the chlorides of the 
alkali and alkaline-earth metals at ordinary temperatures ( pp. 49-51 of his article). 
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0.2 normal potassium sulphate solution were to be determined, one 
would add gradually at the cathode 0.4 normal sulphuric acid in 
such (measured) amounts, determined with the help of an indicator 
or calculated from the electricity passing through, as will keep the 
solution slightly acid ; and would add at the anode an equal amount 
of 0.4 normal potassium hydroxide. If, however, the transference 
number of the positive ion were 2/3 and the salt 0.2 normal as be- 
fore, the acid solution used would have to be 0.3 and the base solu- 
tion 0.6 normal, and the volume of the former added would have to 
be twice that of the latter, in order to keep the concentration con- 
stant. In practice, however, it is desirable that the added solutions 
should be somewhat stronger (or weaker) than the theory requires, 
in order to prevent the solution around the electrodes from rising 
(or sinking) into the middle portions. 

Three salts, potassium sulphate, barium chloride, and barium ni- 
trate, were investigated in the order in which they are here named, 
each one at two concentrations, 0.1 and 0.02 molar.' The samples 
used were prepared by recrystallizing the commercial chemically 
pure salts two or three times from water. In the case of the potas- 
sium sulphate, the analyses of the solutions, both before and after 
the electrolysis, were made by evaporating them, after exactly neu- 
tralizing, if necessary, with sulphuric acid, to dryness on a water 
bath in platinum dishes, and igniting the residue, at first very gently 
and then intensely. Great difficulty was experienced by reason of 
decrepitation on first heating ; but this source of error was entirely 
removed by tying ash-free filter-paper closely over the top of the 
‘dish, heating carefully only the bottom of the dish so as to avoid 
igniting the paper, and afterwards incinerating the latter. In the case 
of the two barium salts, the analyses were made by adding a slight 
excess of sulphuric acid to the solution, evaporating to dryness as 
before, and igniting the residue to a constant weight at a moderate 


'I use this term (previously suggested by Ostwald) to designate the concentration of 
solutions containing one mol (one molecular weight in grams) in one liter of solution. 
The general introduction of some such term seems highly desirable, first in order to avoid 
-a very frequently occurring circumlocution, and second, in order to avoid the serious con- 
‘fusion which is beginning to arise through the double use, by some writers, of the term 
normal, namely its use in this sense, as well as in its appropriate sense of one equivalent 


per liter. 
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red heat. During the evaporation, the dishes were covered with 
filter-paper (which was afterward incinerated), in order to avoid a 
loss of the precipitate by spattering, occasioned by the escape of 
small bubbles of air from the solution. This subtle source of error 
caused, before it was discovered, the loss of several transference de- 
terminations. The barium hydroxide solution added at the anode 
was, in the case of the barium nitrate experiments, analyzed in just 
the same manner. 

The method employed in carrying out the transference experi- 
ments with barium nitrate was somewhat different in its details from 
that used in the case of the other two salts. I will first fully de- 
scribe the former method, for it has, I believe, some advantages over 
the latter; and will then briefly mention the respects in which the 
two methods differ. 

At the beginning of each experiment, the apparatus, shown in 
the accompanying sketch, consisting essentially of two large glass 
U tubes, 3.5 cms. in diameter, joined by a piece of soft rubber 
tubing, was charged with such an amount of barium nitrate solu- 
tion that the whole middle part of the U tubes and their side-arms 
up to a point about 2 cms. above the top of the bend were filled 
with it. Rubber stoppers were inserted in the small upright arms 
on the middle of the tube, so as to keep the solution in place. To 
the portions in the bends were added a few drops (a known weight) 
of phenolphthalein solution, in order to assist in regulating the 
addition of alkali and acid. The indicator is rapidly decolorized in 
the immediate neighborhood of the anode, but is nevertheless use- 
ful, since it retains its color in the bend beneath. Cork stoppers 
with one large and one small hole were inserted in the top of each 
side arm. Through the small holes passed heavy platinum wires 
bent at the bottom into the form of a spiral. These were made to 
dip only a few millimeters into the solution, and were gradually 
raised during the electrolysis so as to be always near the top of the 
liquid. The distance between the electrodes was 80 to 100 cm. 
Through the larger holes in the stoppers were inserted the stems 
of cylindrical drop-funnels, like those shown in the drawing. These 
were graduated with divisions corresponding to each 5 cc. The 
stems were bent slightly at their ends and drawn to a point, so as to 
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cause them to remain full of liquid and to deliver against the sides 
of the U tubes. These two drop-funnels were filled at the start 
with approximately 0.5 normal nitric acid’ and barium hydroxide 
for the experiments with the more concentrated solution, and with 


TT 
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0.1 normal acid and base for those with the more dilute. These 
funnels, which were closed above with one-hole rubber stoppers, 
were weighed to the nearest centigram before and after the elec- 
trolysis, the stems being capped with small test-tubes during the 


1 The acid solution used in the first experiments was prepared by diluting the concen- 
trated acid with the pure distilled hydrogen peroxide solution, in order to entirely prevent 
reduction of the nitrate to nitrite and ammonia; but this precaution was later dispensed 
with, as it was found to make no difference in the results, 
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weighing. The base solution was protected from the air during the 
electrolysis by a soda-lime tube inserted in the rubber stopper. 

At least twenty minutes before the electrolysis was started, the 
U tubes were immersed in a large thermostat at 25°, to such a 
depth that the middle horizontal part of the apparatus was entirely 
covered. After the temperature differences had become equalized, 
2.5 cc. of the nitric acid solution were added at the cathode and 
10 to 15 cc. of the barium hydroxide solution at the anode. This 
excess of the latter was added at the start, in order to make the 
anode solution distinctly heavier than the middle portion above, and 
to introduce into the bend enough free base to neutralize any acid 
which might escape neutralization in the immediate neighborhood 
of the electrode. The electrodes were then connected through a 
switch, two 32-candle-power lamps, a Weston milliammeter, and a 
silver voltameter, all in series, with the terminals of the city-circuit 
of 110 volts potential ; and the current was turned on. The silver 
voltameter consisted of a platinum dish (serving as cathode) which 
contained a 15 per cent. silver nitrate solution, just beneath the sur- 
face of which was placed a horizontal silver plate (to serve as anode) 
which was wrapped with filter paper and supported by a silver rod 
riveted through it. The milliammeter served merely to indicate 
the strength of the current, and was not used for a quantitative de- 
termination of it. 

As the electrolysis proceeded, at intervals of 10-12 minutes, 
each time as soon as the pink color appeared at the cathode, 2.5 cc. 
of the nitric acid and an equal volume of the barium hydroxide 
solution were added. The electrolysis was continued for about 
three hours. At the end of this time the electrodes and drop- 
funnels were removed, perforated rubber stoppers were inserted in 
the side arms, their holes were closed by pushing in pieces of glass 
rod, and the stoppers in the small middle arms were taken out. 
Through these arms three middle portions (lying between the 
points # and /, Y and £, and / and G in the figure) were slowly 
removed by means of a pipette connected with a suction pump, the 
tip of the pipette being gradually lowered so as to be always just be- 
neath the surface of the liquid ; the portions were then transferred to 
small flasks. The apparatus was next removed from the thermostat 
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and separated at the rubber band; the U tubes were wiped off out- 
side with a dry cloth, the liquid on the inside adhering to the upper 
part of the middle arms being also removed; and the tubes were 
weighed separately on a large balance, after adding to the anode 
portion a weighed amount of dilute nitric acid sufficient to make the 
solution acid, thus avoiding later the absorption of carbon dioxide 
from the air. The contents of the U tubes were now transferred as 
completely as possible to small flasks, the liquid being once poured 
back to secure thorough mixing. The U tubes were then washed 
out, dried, and weighed. The flasks were all weighed, their con- 
tents poured out into the platinum dishes, and the nearly empty flasks 
again weighed. The weights of barium sulphate obtained from the 
cathode and anode portions were corrected for the small known 
weights of solution remaining in the U tubes. 

In the case of the potassium sulphate and barium chloride ex- 
periments, only the cathode and middle portions were analyzed. 
The method of conducting the electrolysis was also somewhat dif- 
ferent in these cases. The side-arms of the U tubes were at the 
beginning filled with solution for two-thirds of their length (instead 
of up to a point only a little above the bends) and the concentra- 
tions of the acid and base solutions added were made ten per cent. 
less (instead of greater) than would be required to maintain a con- 
stant concentration, in order to prevent the portions around the 
electrodes from sinking into the unchanged solution beneath. 
These solutions were added from burrettes with tips turned upward 
and delivering a little below the bottom of the electrodes, which 
reached as before just beneath the surface of the liquid. The weight 
of the sulphuric or hydrochloric acid solution added was calculated 
from the measured number of cubic centimeters with the help of 
the known specific gravity of the solution; this volume measure- 
ment is unobjectionable in the case of the acid solution added, since 
no non-volatile matter is introduced, and the greatest accuracy is 
therefore not required, but direct weighing of the base solution is 
far preferable in case the anode portion is to be analyzed. Both 
methods of charging the U tubes and of regulating the concentra- 
tion at the electrodes give satisfactory results ; in that last described, 
the middle portion is of greater length, and the electrolysis could 
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perhaps be longer continued, if it were desired to do so. The 
method used in the case of the barium nitrate is preferable, how- 
ever, when the base solution to be added, like that of barium 
hydroxide, is heavy ; for, if the other method is used, it is difficult 
to prevent the added portions from sinking down before they 
become mixed with the liquid already surrounding the electrode. 
The electrolyses of the potassium sulphate and barium chloride 
solutions were continued from four to eight hours. 


4. RESULTS OF THE TRANSFERENCE DETERMINATIONS. 

The experimental data and the calculated transference numbers 
are given in the tables below. All the values given (except, of 
course, the current, time, and transference numbers) are weights in 
grams. Those in the columns relating to the salt-content are the 
quantities of the substances actually weighed, namely of the potas- 
sium sulphate and barium sulphate. In the second column, the 
portion of the solution surrounding the cathode is designated by K, 
the adjoining middle portion by M,, the next one by M,, that ad- 
joining the anode portion by M,,,, and the anode portion itself by A. 

The temperature was in all cases 25°. 

The original solutions submitted to electrolysis, the concentra- 
tions of which are only approximately stated in the headings, were 
found to contain the following amounts of salt in 1000 grams of 
solution: in experiments, nos. I and 2, 17.247 gms.; in no. 3, 
17.205 gms.; and in nos. 4, 5, and 6, 3.4927 gms. K,SO,: in nos. 7, 
8, 9, and 10, 22.906 gms.; in nos. II, 12, and 13, 4.6448 gms.; in nos, 
14, 15, and 16, 21.083 gms.; in no. 17, 21.099 gms.; in nos. 18 and 
19, 4.6666 gms., and in no. 20, 4.6560 gms. BaSO,. The barium 
hydroxide solution added in expcriments 14, 15, 16, and 17 gave 
56.443 gms. BaSO,, and that used in experiments 18, 19, and 20, 
gave 11.700 gms. BaSO, for 1000 gms. of solution. 

The values of the transference numbers, which are given in the 
last columns of the tables, are those of the positive ions multiplied 
by 100. The way in which these were calculated may be illus- 
trated with the help of the data obtained in the first experiment with 
potassium sulphate (see the table below). The cathode portion 
submitted to analysis weighed 493.12 grams, and was found to con- 
tain 8.4394 grams K,SO,. To determine what it contained before 
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the electrolysis, we must evidently subtract from the final weight of 
the portion, the weight of all matter which was introduced in the 
process of carrying out the electrolysis, and multiply the remainder 
by the original salt-content, which was 0.017247 gm. per gram of 
solution. The weight of dilute sulphuric acid and phenolphthalein 
added, which was 60.78 grams in this experiment, must therefore be 
first subtracted. Secondly, a correction must be made for the fact 
that the weight of the cathode portion is, by the electrolysis itself, 
increased by the weight of the potassium ions which have migrated 
into it, and decreased by the weight of sulphate ions which have 
migrated out of it' and by the weight of the hydrogen gas which 
escaped at the electrode. Since the average value of the transfer- 
ence number is found to be 0.493, the total increase of weight 
from these three causes would evidently be: (39.1 x 0.493) — 
(48.0x 0.507) — 1.0 = — 6.0 gms., for every 108 gms. of silver de- 
posited in the voltameter, or — 0.14 gm. in this experiment. The 
increase in the amount of the salt in the cathode portion is therefore 
8.4394 — (493.12 — 60.78 + 0.14) 0.017247 = 0.9803 gms. Add- 
ing to this the change ( + 0.0013) in the adjoining portion and di- 
viding by the equivalent weight of potassium sulphate (87.18), and 
by the number of equivalents of silver precipitated in the voltameter, 
the transference number is found to be 0.4941. The cases where 
the adjoining portion suffered a change in concentration greater than 
the analytical error, and where consequently this change was com- 
bined with that of the cathode or anode portion are indicated in the 
table by a brace following the two quantities. The calculation of 
the transference number from the change in concentration at the 
anode was, in the case of the barium nitrate experiments, made in 
an entirely analogous manner, except that from the weight of barium 
sulphate obtained from the anode portion after the electrolysis, there 
was of course subtracted the amount coming from the barium hy- 
droxide solution added. For the sake of greater clearness, the total 
weight of salt obtained from the anode portion is, in the table, re- 
solved into the two corresponding components. 


1It is evidently assumed hereby, as is always done in transference calculations, that 
the ions are not hydrated. It may not be without value to call! attention to the fact that 
the commonly observed change of the calculated transference numbers with the concen- 
tration may be due, wholly or in part, in the case of concentrated solutions, to hydration 
of the ions, and to the failure to take this into account in the calculation, 
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434.79 
119.85 


TRANSFERENCE NUMBERS. 


Potassium Sulphate, 0.1 molar. 


Salt- 


Content. “added. Content. 


8.4394 
2.3723 
3.5365 


7.7762 
3.0126 
1.4993 


7.4142 
2.0615 


_Acidor Original 
Base Sol. Salt- 


60.78 7.4591 +0.9803 
| 2.3710 +0.0013 
3.5326 40.0039 


91.21 6.3033  +1.4729 
3.0209 | —0.0083 
1.4998  —0.0005 


2.0620  —0.0005 


| Difference in | 
Salt-Content. | 


Silver in 


Voltameter. 


25 


Trans- 
ference 


‘Current. Time. Num. 


49.41 


(2.4594 
0.11 amp. 
| 310 min. 


| 3.6760 
| 0.134 amp. 
| 415 min. 


| 1.9370 
0.063 amp. 


49.33 


48.70 | 6.6446 + 0.7696 
133.38 2.2941 | 2.2948 | —0.0007 460 min. 
Potassium Sulphate, 0.02 molar. 


Portion Acidor Original ; : Silver in Trans- 
Anal- Base Sol. Salt- Voltameter. ference 
yzed. Added. Content. * Current. Time. Num, 


491.47 
103.75 
102.99 


463.31 


1.6964 
0.3631 


0.3599 


1.5869 


$6.73 1.5185 40.1779 
0.3624 
0.3597. +0.0002 


1.3238 +0.2631 ) 


0.4451 
0.028 amp. 
240 min, 


0.6524 


49.68 


49.59 


176.04 0.6131 0.6149 —0.0018) 0.040 amp. 
94.08 0.3289 0.3286 + 0.0003 245 min. 


469.56 1.6246 57.40 1.4397. 40.1849 ~—«0.4617 49.58 
103.17 0.3604 0.3603  +0.0001 0.018 amp. 
107.24 0.3745 0.3746  —0.0001 380 min. 


Barium Chloride, 0.1 molar. 


Silver in Trans- 
Voltameter. ference 
Current. Time. Num, 


| Portion Acidor Original 
| Anal- Content Base Sol.) Salt- 
yzed. Added. Content. 


460.04 10.6238 30.33 | 9.8402 +0.7836 1.7479 41.44 
46.30 1.0598 1.0605 —0.0007 0.108 amp. 


99.09 | 2.2686 | 2.2697 —0.0011 240 min, 


512.08 11.9214 57.06 10.4182 +1.5032 3.3519 41.46 
35.77 0.8189 0.8193 . 0.122 amp. 
(104.51 2.3911 2.3939 410 min. 
99.00 2.2673 2.2677 


507.37 11.7885 50.98 10.4500 +1.3385) 2.9804 41.48 
106.63 2.4411 2.4424 0.0013) 0.123 amp. 
101.06 2.3116 2.3149  —0.0033 360 min. 

90.10 2.0615 2.0638  —0.0023 


474.93 10.8589 30.31 10.1824 +0.6765) 1.5019 41.50 
103.15 2.3604 2.3628 -0.0024) 0.065 amp. 

| 108.48 2.4821 2.4848  —0.0027 345 min. 

Min 85.59 1.9574 1.9605 0.0031 


Difference in 
Salt-Content. 


No. 1.] 
yzed. 
1 K 493.12 
| Mir 204.82 | 
2|K 456.48 
Mi 175.15 
Mir | 86.96 
3|K (49.19 
M1 
Mil | 
Bs Por- 
a tion. 
| | 
MI 
Mil 
Mir 
My 
Mir 
p 
My 
| _ 
8| K 
MI 
| Mill 
9/K | 
Mir 
Mill 
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Mir 


499.37 


12, K 


Mir) 


13 K 
| MI 
MII 


Mir | 
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Portion Salt- Acid or | Original 
Content Base Sol. 
yzed. * Added. Content. 


Anal- 


514.75 
110.70 
115.31 

89.89 


110.59 
86.12 


493.42 
106.63 
109.52 

95.84 


Portion 
. | Anal- 


yzed. 


244.30 
180.57 
199.75 


239.02 
205.23 


269.42 
174.74 
174.33 
183.50 
218.25 


268.51 
172.63 
147.53 
157.03 
204.41 


278.03 
168.20 
158.30 
153.30 
205.69 


2.3897 
0.5149 
0.5362 
0.4175 


2.3214 
0.5142 
0.4007 


2.2930 
0.4957 
0.5089 
0.4451 


Salt- 
Content. 


5.2507 
3.8058 
4.2106 
5.0368 
{ 2.5491 
( 2.2196 


5.8130 
3.6864 
3.6760 
3.8710 
2.5877 
2.5527 


5.7520 

3.6428 
3.1110 
3.3132 

( 2.1725 
| 2.9600 


5.8841 
3.5492 
3.3329 
3.2360 
( 2.4465 
( 2.3988 


54.95 


50.15 


49.84 


Acid or | 
Base Sol. 


Added. 
40.53 


39.325 
43.89 


45.233 
44.355 


52.44 
46.49 


42.50 


Salt- 


2.1354 
0.5142 
0.5366 
0.4175 


2.0864 
0.5137 
0.4000 


Original 
Salt- 
Content. 


4.2970 
3.8070 
4.2212 
5.0388 
3.5000 


4.7562 
3.6840 
3.6753 
3.8685 
3.6497 


4.7270 
3.6395 
3.1098 
3.3100 
3.2065 


4.8846 
3.5488 
3.3326 
3.2345 
3.4451 


Barium Chloride, 0.02 molar. 


+0.2543 

+0.0007 } 

+0.0006 
0.0000 


+0.2350 
+0.0005 } 
+0.0007 


+0.2329 
+0.0004 
+0.0002 
—0.0001 


Barium Nitrate, 0.1 molar. 


Difference 
in Salt- 
Content. 


+0.9537 

—0.0006 

—0.0020 
—0.9509 


+1.0568 ) 
0.0024 
+0.0007 
+0.0025 
“1.0620 } 


+0.0033 
+0.0002 

+0.0032 ) 

—1.0340 § 


+1.0250 


+0.9995 ) 
+0.0004 
+0.0003 
0.0015 
—0.9986 


1 Portion My] was lost in this experiment. 
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Silver in Trans- 


' Voltameter. ference 


Current. Time. Num. 


0.5321 44.31 
0.034 amp. 
230 min, 


0.4928 44.19 
0.022 amp. 


275 min. 


0.4885 
0.023 amp. 
260 min. 


44.16 


Silver in Trans- 
Voltameter. ference 
Current. Time. Num. 


1.9334 45.54 

0.175 amp. 

165 min. 
45.56 

2.1540 45.47 

0.178 amp. 

180 min. 
45.48 
| 

2.0917 45.46 

0.173 amp. | 

180 min. | 
| 45.56 

2.0301 45.54 

0.168 amp. | 

180 min. 
45.42 


= 
Ec Por- Difference in 
| MI 
| 
(2.0601 | 
0.4953 | 
0.5087 | 
| 
i 
Mit 
15 K 
| Mr 
Mir 
Mir 
| A 
q 
Mir 
} Mit 
| 
| | 
17 | K 
MI 
MII 
Mill 
A 
| 
| 


No, 1.] 
Por- Portion 
18 K 197.50 
MI 122.58 
Mir 134.06 
Mir 187.20 
A 253.88 
19 K 207.34 
MI 124.05 
My 141.65 
| Mi 145.38 
| A 268.13 
20 K 201.18 
My 123.27 
121.00 
| Mi 155.48 
A 279.26 
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Barium Nitrate, 0.02 molar. 
Salt- |Acidor Original Difference Silverin | Trans- 
Content. Base Sol. Salt- in Salt- Voltameter. ference 
Added. Content. Content. Current. Time. Num. 
1.0234 20.88 0.8242 -+0.1992 0.4042 45.57 
0.5744 0.5744  +0.0000 0.033 amp. 
0.6267 0.6269 —0.0002 180 min. 
0.8143 0.8150 —0.0007 
{ 0.7158 0.9149 —0.1991 45.70 
( 0.6766 57.83 
1.0631 21.75 0.8660 +0.1971 0.4014 45.41 
0.5773 0.5772  +0.0001 0.033 amp. 
0.6608 | 0.6610 —0.0002 180 min. | 
0.6781 0.6772 +0.0009 | 
( 0.7979 0.9971 0.1992 45.68 
(0.6371 54.45 | 
1.0346 21.14 0.8382 +0.1964 0.3985 45.57 
0.5630 0.5630 +0.0000 0.035 amp. 
0.5641 0.5640 +0.0001 170 min. 
0.7240 0.7239 +0.0001 
( 0.8353 1.0329 —0.1976 45.85 


0.6716 | 57.40 


The values of the transference numbers obtained (multiplied by 


100) are summarized in the following table. 


At the foot of each 


column is given the mean of the values just above, and the average 
deviation of the separate values from this mean. 
in the case of the barium nitrate, the probable error, calculated in 


the usual manner, is appended. 


Potassium Sulphate. 


0.1 molar. 


49.41 
49.33 
49.19 


49.31 
0.08 


0.02 molar. or molar. 
49.68 41.44 
49.59 41.46 
49.58 41.48 

41.50 
49.62 41.47 


0.04 


Barium Chloride. 


44.31 
44.19 
44.16 


0.02 molar. 


To the final results 


| | 
| 
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Barium Nitrate. 


0.1 molar. {| 0.02 molar. 


‘Cathode Values. 
45.54 45.56 45.57 45.70 
45.47 45.48 45.41 45.68 
45.46 45.56 45.57 45.85 
45.54 | 45.42 


45.50 | 45.50 45.52 | 45.74 
0.04 0.06 0.07 | 0.07 
_ 45.50 +0.02 45.59 +0.08 


Anode Values. Cathode Values. Anode Values. 


5. ACCURACY OF THE RESULTSs. 


The probable degree of accuracy of the results and the conse- 
quent reliability and value of the method employed may be next 
considered. It should be first stated that in the above tables all the 
determinations are recorded which were carried to completion after 
certain errors which were found to exist in the analyses were elimi- 
nated. 

In the cases of potassium sulphate and barium chloride, there are 
two indications of the degree of accuracy of the results; first, the 
change in weight of the middle portions ; and second, the variations 
in the transference-values calculated from the different experiments. 
In regard to the former, it should be stated that in the analyses of 
portions of the original solutions, variations from the mean salt-con- 
tent of 0.0010 gm. in the more concentrated, and of 0.0005 gm. in 
the more dilute solution, were found to exist; so that only when 
the middle portions change by more than these amounts, do the 
changes have much significance. It will be seen that the changes 
in the M, portions do not much exceed these amounts, except in 
the cases of experiments 2, 5, and 10; and in the first two of these 
experiments, the changes in the M,, portions are so small as to 
cause no hesitation in combining the changes of the M, portions 
with those of the cathode portions. It will also be seen from the 
summary in the last table, that the average deviation of the separate 
transference values from the mean is in every case less than 0.2 per 
cent. Taking into account the possibility of an error of 0.1 per 
cent. in the determination of the original salt-content, it can, I think, 
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be safely asserted that it is almost certain that the error in the mean 
transference values does not exceed 0.25 per cent.; in other words, 
the third figure cannot be in error by more than one unit. The 
probable error is, of course, much less. 

In the case of the barium nitrate experiments, a more conclusive 
confirmation of the degree of accuracy of the results is furnished by 
a comparison of the cathode and anode values ; for an error in the 
determination of the original salt-content of the solution or any 
error arising from mechanical loss in the analysis of the portions 
would affect these values in the opposite direction. In the case of 
the 0.1 molar solutions, the agreement is complete between the 
mean cathode and anode values. Taking into account, moreover, 
the smallness of the variations of the separate values of the mean, 
and the slight changes (0.2-0.7 mgm.) exhibited by the M,, por- 
tions, the final result (45.50) can, I believe, be regarded as almost 
surely accurate to 0.1 per cent. of its value. In the case of the 
0.02 molar solution, the values calculated from the changes at the 
two electrodes differ by a little less than half a per cent. Attribut- 
ing double weight to the cathode results, since an increase of the 
salt-content is produced by the base solution added at the anode, 
I adopt 45.59 as the most probable value. This may possibly be 
in error by 0.3 per cent., but is probably accurate to one-half that 
amount. Since at both concentrations, the final values are derived 
by a combination of the results of two independent methods which 
are liable to error in opposite directions, the probable errors given 
in the table are to be regarded as a measure, not merely of the 
variable errors, but probably of all errors involved. 

These considerations show that the degree of accuracy attained 
with the help of the method described in this article is much greater 
than that which it has heretofore been found possible to secure. 
This arises mainly from the fact that the electrolysis could be con- 
tinued until a much larger weight of salt was transferred. Thus, in 
my experiments, the quantities transferred were 180-260 mgms. in 
the 0.02 molar, and 700-1500 mgms. in the 0.1 molar solution, 
while, in Bein’s determinations at corresponding concentrations, 
only 20-50 mgms. were transferred. 
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6. COMPARISON WITH EARLIER RESULTs. 


Potassium sulphate was investigated by Hittorf' at 4°-12° at 
two concentrations, at about 0.5 and about 0.014 molar. The 
transference numbers found were 0.500 and 0.498, respectively. 
The differences from my values (0.4931 and 0.4962) are, therefore, 
not very large. 

Barium chloride has been studied by various investigators with 
widely divergent results. Thus Hittorf* obtained the value 0.385 
at 10°—20° for 0.04-0.06 molar solutions; while from Bein’s re- 
sults,’ one finds by interpolation for 25° and o.1 and 0.02 molar 
concentrations, the values 0.424 and 0.445, respectively. The lat- 
ter differ by 2.2 and by 0.7 per cent., respectively, from those pre- 
sented in this article (0.4147 and 0.4422). Hopfgartner’s * deter- 
minations (at 15°) for a o.1 molar solution, lead to the value 0.408 
which is nearly as much below my result as Bein’s is above it. 

Barium nitrate has been investigated only by Hittorf,' who found 
0.380 in 0.07, and 0.398 in 0.03 molar solution. These values 
differ very widely from my own (0.455). 

These results make evident the great need of a repetition of much 
of the earlier work on tri-ionic salts. 


7. CHANGE OF THE TRANSFERENCE NUMBERS WITH THE 
CONCENTRATION. 


The effect of concentration, the study of which formed the main 
object of this investigation, may be now considered. 

The transference number of potassium sulphate varies only from 
0.4931 to 0.4962, or about 0.6 per cent., between the concentrations 
of 0.1 and 0.02 mols per liter. A little consideration will show 
that this change can be explained by assuming that 1.2 per cent. 
more of the dissociated part of the salt is dissociated into K" and 
KSO, ions in the concentrated than in the dilute solution, it being 
further assumed, as a sufficiently close approximation, that the 
equivalent conductivities of all the ions involved are equal. But, 

1Ostwald’s Klassiker, No. 21, 58; or Pogg. Ann., 98, 29, 30. 
2Ostwald’s Klassiker, No. 23, 41; or Pogg. Ann., 106, 380, 381. 


3Ztschr. phys. Chem., 27, 51. 
*Ztschr. phys. Chem., 25, 138. 
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since, according to Kohlrausch’s measurements, the molecular con- 
ductivity between these two concentrations changes from 175 to 
208 reciprocal ohms (and the dissociation from 64.5 to 77 per cent.) 
thus by I9 per cent., it is clear that by far the most important 
chemical change produced by the dilution is the dissociation of 
K,SO, molecules and not of KSOj{ ions. Since the change in the 
transference number is so small, it may, however, be due solely to 
hydration of the ions."| Therefore, only the following negative con- 
clusion is justifiable : the concentration of KSO\ tons* in a 0.1 molar 
potassium sulphate solution does not exceed a very few per cent. of the 
total concentration. If these ions exist at all, they have a very much 
greater dissociation-tendency than the neutral potassium sulphate 
molecules. 

In the case of barium nitrate, the change (0.2 per cent.) caused 
by the five-fold dilution is still smaller, and does not exceed the 
probable experimental error. Therefore, darium nitrate solutions 
up to 0.1 molar concentration contain in appreciable quantity only 
Ba™ and NO, tons and no complex ions formed by the combination of 
these. 

The difference in the transference numbers (0.4147 and 0.4422) 
of barium chloride at the two concentrations is very much greater 
than the differences just considered, amounting as it does to 6.6 per 
cent. The change is, moreover, in the opposite direction from that 
required by the assumption of the existence of BaCl’ ions in the 
more concentrated solution. In order to explain this behavior and 
the analogous one of strontium and calcium chlorides, Bein assumed 
a partial hydrolysis of the salt, basing this view on the disagree- 
ment of a single determination of the amount of calcium transferred 
with determinations of the chlorine transferred. This explanation 
can not, however, be correct, since the alkaline-earth hydroxides 
are known to be very strong bases; it is, moreover, entirely dis- 
proved in the case of barium chloride, by the substantial agree- 
ment (see § 6) of Bein’s values, which are based on determinations 


1 Ostwald’s Klassiker, No. 23, 41; or Pogg. Ann., 106, 378, 379. 

2 Thus the actual change of 0.6 per cent. would be entirely accounted for, if, with 
the equivalent weight of the K* ions, migrate two molecules of water more than migrate 
with the equivalent weight of SO, ions. 
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of the chlorine transferred, with my results, which were obtained by 
determining the transferred barium. On the contrary, the behavior 
of these chlorides of the alkaline-earth metals is entirely similar to 
that of the halogen compounds of cadmium, though the anomaly is 
less pronounced ; and, as far as I am able to see, it admits only of 
a corresponding explanation. In order to account for the fact that 
the sum of the transference numbers for the metal and chlorine is 
equal to unity, and for the change with the dilution, it is, namely, 
necessary to assume that ‘there are present in considerable quantity 
in the o.1t molar solution of the alkaline-earth chlorides, complex 
negative tons formed by the union of one or more chlorine tons with 
one or more of the chloride molecules (such ions, for example, as 
BaCl, or BaCl{’) and that these ions dissociate with increasing 
dilution. 


8. Rates oF MIGRATION OF THE BIVALENT Ions. 


As Kohlrausch has pointed out, owing to the lack of exact trans- 
ference values for tri-ionic salts, the Law of the Independent Migra- 
tion of the Ions has not been satisfactorily confirmed in the case of 
bivalent ions ; nor have their rates of migration, calculated with the 
help of that Law, been as accurately determined as have those of 
univalent ions, for the reason just mentioned, and also for the reason 
that the limiting value of the molecular conductivity of tri-ionic salts 
cannot be established with as great certainty, since a larger extra- 
polation is necessary. 

With the help of the new transference numbers for potassium 
sulphate and barium nitrate, the equivalent conductivities of the 
SO{ and Ba” ions can be calculated, if it be assumed that the values 
obtained for 0.02 molar solution at 25° would also hold true for 
extreme dilution and at 18°. That these assumptions will not give 
rise to an error greater than one per cent. is highly probable in view 
of the small changes between the two concentrations, 0.1 and 0.02 
molar, and in view of the general principle that temperature has 
as a rule only a small effect on transference numbers. The calcu- 
lation can be made in two ways, either by combining with my trans- 
ference numbers the conductivities at extreme dilution of the K’ and 
NO; ions, which have been derived by Kohlrausch through a con- 
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sideration of the transference numbers and the molecular conduc- 
tivities of di-ionic salts; or by combining with them the limiting 
values of the equivalent conductivities of potassium sulphate and 
barium nitrate. The results so obtained for the SO{ and Ba” ions. 
can be then further compared with Kohlrausch’s values which were 
derived by a combination of the two kinds of data last mentioned, 
without reference to the transference number of any tri-ionic salt.’ 
The three pairs of calculated values of the equivalent conductiv- 
ities of the two ions are given below in the order in which they have 
just been referred to. The data used in the calculation are the 
transference numbers recorded above (0.4962 for K,SO, and 0.4559 
for Ba(NO,),) and the following values of the equivalent conductiv- 
ity expressed in reciprocal ohms at extreme dilution ;? for K’, 64.8 ; 
for NO}, 61.3; for K,SO,, 135.5; and for Ba(NO,),, 119.3. 

I 

65.8 68.3 69.7 

Ba" 51.4 54.4 57.3 
The difference between the three pairs of values are by no means 
inconsiderable. In the case of the Ba” ion, indeed, the first and 
third methods of calculation give results differing by over 10 per 
cent. Aside from serious errors in the experimental data, these 
differences may be due to one or more of the three following causes : 
first, error in the conductivity values calculated for the univalent ions ; 
second, error in the extrapolated values for the univalent conductiv- 
ity at extreme dilution of the tri-ionic salts; and third, inaccuracy 
in the assumption that the transference numbers for potassium sul- 
phate and barium nitrate at extreme dilution do not differ much 
from those found in 0.02 and 0.1 molar solution. It seems very 
improbable that any one of these three errors can be large enough 
to account for the divergences ; a combination of them, however, 
may possibly do so. In the absence of definite information in re- 
gard to the matter, it seems best to adopt provisionally the values 
given in column II (SO{’= 68.3; Ba” = 54.4) which are the ones 
most directly derived from experimental data, and which are not far 

1 Wied. Ann., 66, 805. 


2 These values are those given by Kohlrausch, Wied. Ann., 66, 795 and 819, 812 
and 804. 
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from the means of the other two pairs of values. These numbers 
give for the equivalent conductivities of potassium sulphate and 
barium nitrate, 133.1 and 115.7 respectively, while Kohlrausch’s 
extrapolated values are 135.5 and 119.3. 

In this connection it should be pointed out that in Kohlrausch’s 
method of treatment of tri-ionic salts, the assumption involved that 
the conductivity of bivalent ions decreases with increasing concentra- 
tion more rapidly than that of the univalent ions simultaneously 
present, is entirely inconsistent with the transference results on 
potassium sulphate and barium nitrate presented in this article. This 
is shown by the following transference numbers which are calcu- 
lated for these two salts from his values for the separate ions at the 
various normal concentrations, which are stated below in the head- 


line : 


0571 | 05587 | 0. 
Ba(NO,),... . .. | 0.397 0.414 | 0.434 0.446 


It is certain from my results that any such change of the trans- 
ference numbers with the concentration is out of the question in the 
case of these two salts. It ought to be added that Kohlrausch re- 
garded his assumption only as a provisional one, having an em- 
pirical justification. That the results obtained with its help were at 
all satisfactory is probably due, first, to the fact that the compounds 
considered were mostly those of the halogens, and secondly, to the 
large errors in some of the transference numbers. 

It is impossible to utilize the transference numbers of barium 
chloride, as was done with those of the nitrate, for the calculation 
of the conductivity of the barium ion, since the transference number 
of the former salt does change greatly with the dilution. It is of 
interest, however, to make the converse calculation so as to com- 
pare the transference number calculated for extreme dilution with 
that found at the concentrations investigated. Assuming as above, 
Ba” = 54.4, and according to Kohlrausch, Cl’ = 66.4, the transfer- 
ence number for complete dissociation is found to be 0.450. (Even 
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assuming Kohlrausch’s much higher value (57.3) for the Ba” ion, 
the transference number becomes only 0.464). The value found 
for a 0.02 molar solution was 0.442, so that the change produced 
by further dilution is relatively small. At this concentration, there- 
fore, the complex negative ions present in considerable quantity in 
more concentrated barium chloride solutions, are for the most part, 
dissociated. 


In closing, I desire to state that the accuracy of the experimental 
results present in this article are to be attributed in large measure 
to the analytical skill and perseverance of my assistants, Mr. A. A. 
Blanchard and Mr. G. V. Sammet. 


J. R. BENTON,. [VoL. XII. 


DETERMINATION OF POISSON’S RATIO BY MEANS 
OF AN INTERFERENCE APPARATUS. 


By J. R. BENTON, 


OISSON proved that when a homogeneous isotropic body is 
extended in one direction, it must contract in the directions 
perpendicular to the extension, and that if the intermolecular forces 
are assumed equal in all directions, the contraction must amount to 
1 of the extension. Numerous experiments, embracing a great 
variety of methods, have shown that this contraction actually 
does take place, but that the ratio in which it stands to the exten- 
sion—Poisson’s ratio—is usually different from 1%. This is ac- 
counted for under the assumption of imperfect homogeneity; indeed 
the ratio varies greatly for the same material according to the man- 
ner in which it has been treated. Voigt,' experimenting on electro- 
lytically deposited copper, where there is no reason to expect in- 
homogeneity, found the ratio to have almost exactly its theoretical 


value of 4. 

The methods of determining Poisson’s ratio may be divided into 
two classes. 

First, those which depend on a comparison of the elastic constants 
of the medium investigated. It can be shown that Poisson’s ratio 
K satisfies the equation : 


B 
A+ 2B 


where A and # are fundamental elastic constants of the medium. 

A and B can be determined from the behavior of the medium with 

respect to two different kinds of deformations, such as extension and 

flexure. Thus extension and torsion were used by Kohlrausch and 

Loomis, ? and by Baumeister* to determine A’; flexure and torsion 
1W. Voigt: Berliner Sitzungsberichte, 1884, p. 961; 1884, p. 1004. 


2 Poggendorft’s Annalen, Band 141, p. 502, 1870. 
3 Wiedemann’s Annalen, Band 18, p. 578, 1883. 
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by Voigt,' Kirchhoff? and Okatow,* while Amagat* compared with 
other deformations cubical contraction under increase of pressure. 
Schneebelli*® compared the velocity of torsional and longitudinal vi- 
bration of metal rods. Cornu ® used an ingenious method in investi- 
gating Poisson’s ratio for glass ; one piece of glass was slightly bent 
by means of weights, and another piece was laid on it ; the resulting 
interference bands had the form of hyperbolas, and it can be shown 
that the tangent of the angle between the asymptotes of the hyper- 
bolas and the axis of the glass plate is equal to Poisson’s ratio. 

Second, Poisson’s ratio may be determined by measuring the con- 
traction at right angles to the direction of the extension, and com- 
paring it with the extension. The former of these quantities is very 
small, and has to be measured indirectly, unless the stretched body 
is a very thick rod, in which case larger forces than are usually 
available have to be applied to produce an appreciable extension. 
The problem reduces itself, therefore, to that of the measurement 
of a very small distance. 

The first determination, carried out by Cagniard de la Tour’ to 
test Poisson’s theoretical result, was made by stretching a wire con- 
tained in a narrow tube filled with water. The contraction of the 
wire was calculated from the change of level of the water. <A sim- 
ilar method was employed by Wertheim,* who made important in- 
vestigations of Poisson’s ratio; he filled a hollow cylinder, com- 
municating with a capillary tube, with water; when the cylinder 
was stretched, the change of its volume could be determined from 
the change of level of the water in the capillary tube, and from this 
Poisson’s ratio was obtained. Both these methods were unsatisfac- 
tory, because the apparatus acted like delicate thermometers, a very 
slight change of temperature of the large mass of water making a 
great difference in its level in the narrow tube. 


1W. Voigt, Wiedemann’s Amalen, Band 15, p. 497, 1882. 
2Pogg. Annalen, Band 108, p. 369, 1859. 

3 Pogg. Annalen, Band 119, p. 11, 1863. 

*Comp. Rend., 21, July, 1884. 

5Pogg. Annalen, Band 140, p. 589, 1870. 

6A, Cornu, Comptes Rendus, Tome 69, p. 333, 1869. 
7Ann. Chim, Phys., Tome 36, p. 384, 1827. 

8 Ann. Chim. Phys., 3 ser., Tome 23, p. 52. 
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Measurements by means of the microscope have been made by 
Mallock,' who determined the change in distance between points 
marked on a rod, when the rod was bent. Direct measurement of 
the contraction has been made in cases where the deformation was 
very great ; thus Rontgen* determined Poisson’s ratio for caoutchouc 
by stamping a circle on a stretched band; when the tension was 
removed the circle became an ellipse whose axes furnished the 
necessary data for the determination. 

At the suggestion of Professor Voigt, I undertook the measure- 
ment of the contraction by means of interference bands. The experi- 
ments were made in his laboratory in the University of Gottingen. 

The interference of light has 

been already used to determine 

Poisson’s ratio. Stromeyer 

and Kennedy * made use of it 
c — —— to measure the contraction of 

= thick metal bars which were 

stretched ina testing machine. 

My apparatus is designed for 


use where such large forces are 
not available. 
After making attempts with 


(By numerous variations of the 
apparatus, the following was 
Front view. found to give the most satis- 
factory results. a, a (Fig. 1) 
were plates of brass, on which 
the rounded bits of steel 4, 
6 were soldered, and firmly 
pressed against the wire ¢ by 
means of the spring d. One 
plate contained a lens ¢, of 
slight curvature, the other a 
tube f, having a screw thread so that the distance of the glass 


h 


Side view. 


Fig. 1. 


1 Proc, Roy. Soc., vol. 29, p. 157, 1879. 
* Poggendorff’s Annalen, Band 157, p. 601, 1876. 
3 Proc. Roy. Soc., vol. 55, pp. 373-383, 1894. 
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plate g in its end from the lens could be adjusted. The back side 
of the glass plate g was blackened. By means of the screws h, 
h it was possible to set the plate perpendicular to the axis of the 
lens ; in which case interference rings appeared, provided the dis- 
tance between lens and plate was not too great. If the wire con- 
tracted, the distance became less, and new rings appeared. If so- 
dium light is used, each new ring corresponds to a difference of 
distance of 294.5x10° mm., the half wave length of the light. 
This difference is not, however, itself the contraction of the wire, 
but the latter must be deduced from it when the distance of the 
wire and the center of the interference rings from the axis are 
known, around which the brass plates move. This axis is simply 
the line passing through the points of the screws 4, 4. In order to 
measure the distance from this axis, I ruled the fine lines 4, 7 and 
m and measured accurately the distances £/ and &m, once for all. 
Then in any particular case the distances from / to the center of the 


rings, and from to the center of the wire (seen through the holes 
Jj) were measured by means of a microscope, and added to or sub- 
tracted from 4/ and km. 

The wire was fastened above a table a (Fig. 2) and hung through a 


hole in it. 4 was a strong piece of iron. Underneath, the hook @, 
carrying the scale pan ¢, hung 
from a loop in the wire. A stiff 
iron rod /, free to move round the 
horizontal axis ¢, passed through 
a hole in the rod / and carried a 
weight 7. The purpose of the 
weights ¢ and / was simply to 
hold the wire tight, and to pre- 
vent f from slipping in the hole 
h. The weight by which the ten- 
sion of the wire was produced, 


Fig. 2. 
was applied to the end of / 


The weight ¢ wasplaced on a scale pan, which could be lowered by 
the windlass £ so as to the rest on /, or raised from it; the purpose of 
this arrangement being to avoid jars in changing the weights. The 
interference apparatus was at m: in front of it was a Bunsen burner 


— 
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(not shown in the figure), in which a bead of Na,CO, was held, and a 
microscope (also not shown), with which the rings were observed. 
The angle between the incident and the reflected ray was very small. 

Each wire, after being fastened in the iron 4, was heated to dull 
redness under a small load, by means of a Bunsen burner, in order 
to insure its hanging straight. Then it was left a day or two under 
a somewhat greater load than the one to be used in the experiments, 
after which the measurements were made. 

The interference apparatus was placed on a wire, and the screws 
hh (Fig. 1), and the tube / so adjusted that the plate g was perpen- 
dicular to the axes of the lens, and very near to it, but yet not so 
near as to come into actual contact with it when the wire contracted. 
The cross-hairs of the microscope were set at first on the center of 
the rings which appeared under these conditions. Then the micro- 
scope was clamped in position, and the micrometer screw-head 
was turned until the intersection of the cross-hairs was on the tenth 
ring above the center. Here five readings of the micrometer were 
made, then the cross-hairs were brought on to the tenth ring un- 
derneath, where five readings were taken ; then five readings were 
taken again on the tenth ring above. The difference between the 
average reading above and below gives the diameter of the tenth 
ring in terms of the divisions on the screw-head. Then the tension 
was brought to bear on the wire, the number of new rings counted, 
and the diameter of the tenth ring under these conditions was meas- 
ured. Finally the tension was removed, another measurement of 
the diameter of the tenth ring was made, and also its difference from 
the diameter of the ninth ring and from that of the eleventh deter- 
mined. The difference in diameter between the tenth ring with and 
without tension, divided by the difference in diameter between the 
tenth ring and the ring next to it, gives the fraction which must be 
added to the number of new rings in order to determine the change 
of distance between the plate and the lens. Suppose, for example, 
that the diameter (in terms of the divisions on the screw-head) of the 
tenth ring is 18.221 with tension, 18.005 without tension ; that the 
average of the difference in diameter between the ninth and tenth, 
and between the tenth and eleventh rings is 0.920; and that 4 new 
rings have appeared, then the distance through which the lens and 
plate have approached each other is 
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18.221 — 18.005 
294.5 x x (4+ = 1247 mm. 


After making two such determinations at different places on the 
wire, it was loosened, turned through go°, fastened again, heated to 
dull redness, and left hanging under a heavy load for a few hours. 
Then similar determinations were made at two different places on the 
wire, so that for each wire four determinations were made. The results 
given below are the averages of four such determinations each. The 
distance of the wire and rings from the screws 4/(Fig. 1) was measured 
as described before ; the weight 7 (Fig. 2) and the scale pan were 
weighed in a balance ; the distance of the wire and the weight from 
the axis ¢ were measured with a millimeter scale ; and the diameter 
of the wire was measured with accurate calipers, the mean of six 
measurements being taken. From these quantities the contraction 
of the wire due to unit tension can be calculated. 

Poisson's ratio is obtained by dividing this contraction by the ex- 
tension due to unit tension. The last-named quantity was deter- 
mined by measuring, with a micrometer, the vertical distance 
through which a needle point fastened to the end of the wire moved 
when weights were hung on the wire. For this purpose a 3-meter 
length of wire was used. 

The values of Poisson’s ratio found for a number of wires are 
given in the following table : 


Substance. Diameter. Poisson's Ratio. Mean Value. 
Steel. 0.685 mm. 0.276 
1405 | 0.275 | 0.2755 
Iron. | 0.948 0.294 
1.578 0.282 0.288 
Copper. 1.390 0.337 | 
1.728 0.345 0.341 
Nickel. | 0.963 0.375 
1.490 | 0.271 
Brass. 0.787 | 0.328 
| 1.498 0.334 0.331 
Nickelin. | 0.978 0.406 
1.397 0.399 0.403 
German Silver. 1.005 0.313 
1.592 0.429 
Bronze. 0.902 0.414 
Brass containing 0.996 0.300 


much copper. 


J 

\ 
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The highly unsatisfactory discordant results for nickel appear to 
be due to some difference in the physical condition of the two wires. 
I found that their specific gravities were somewhat different. Of 
course the experiments were repeated, as soon as the discrepancy 
was found, but the same results were obtained. 

The difference between the two values for German silver is due to 
difference in the composition of the alloy for the two wires. 


ILLUSTRATION OF GYROSCOPE, 


THE USE OF THE BICYCLE WHEEL IN ILLUS- 
TRATING THE PRINCIPLES OF THE 
GYROSCOPE. 


By CHARLES T, KNIppP. 


N the gyroscope as ordinarily made the true oscillatory motion of the 
axis is not shown except for extremely slow speeds of the fly wheel and 
then only fora few seconds. The oscillations are damped by the friction of 
the supports, causing the precessional motion to become steady.' The form 
of the gyroscope that best shows the true motion of the axis is a gyro- 
scopic pendulum of considerable length. When in the form of the 
balanced gyroscope, where the balance can readily be destroyed by shif- 
ting the weight, thus coverting it into a gyroscopic pendulum of short 
length, the ordinary construction enables the oscillations to be seen only 
for slow speeds and short intervals; while in the 
top they are, in the ordinary form of apparatus, never 
visible. 

The study of the phenomena peculiar to the gyro- 
scope is greatly simplified, and at the same time 
brought within the reach of all, by using an ordinary 
bicycle wheel as the fly-wheel. So simple is the ap- 
paratus and yet so effective that it was thought well 
to call attention to some of the salient points. 

The bicycle wheel works equally well as a gyro- 
scopic pendulum, as a balanced gyroscope, and as a 
top. It is readily mounted by any one who has 
access to a shop in which iron work is done, or any 
bicycle repair shop. The wheel is taken from the 
front fork without disturbing the adjustment of the 
ball bearings. A 34-inch iron gas pipe nine inches 
long is tapped out at one end and screwed on the 
axle of the wheel. The other end of the gas pipe, 
which is threaded to receive an ordinary connector, 
is slitted with a hack saw. The connector acts asa 
compression nut enabling the axis to be extended to any length by insert- 
ing an iron or brass rod. 


Fig. 1. 


Merritt, Puys, Rev., vol. 14, p. 336, 1897. 
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Fig. 1 shows the wheel as when first taken from the bicycle. The 
axle extends beyond the hub far enough to give plenty of room for sup- 
port. When spun and held as shown it furnishes a striking example of the 
familiar toy gyroscope. It is 
very positive in its preces- 
sional movements and seem- 
ing defiance to the laws of 
gravitation. In this form it 
is interesting to study its er- 
ratic movements when dis- 
turbed. ‘This is best done by 
firmly grasping the ends of the 
axle with both hands and 
endeavoring to tilt the axle 
quickly while the wheel is 
turning. No doubt this simple 
experiment with the bicycle 
wheel is familiar to all. 

The balanced gyroscope is shown in Figs. 2 and 3. The mounting 
shown in Fig. 2 is formal, and brings out the points in question better 
than the manner of mounting shown in Fig. 3. The 36-inch gas pipe 
that is fastened directly to the axle of the wheel 
is not shown. ‘The wheel mz is counterpoised by 
a weight ¢c which may conveniently be a piece of 
lead pipe. Fig. 2a shows in detail the manner of 
support. 

In Fig. 3 the gyroscope is simplified by sup- 
porting it from a suitable hook or a chandelier by 
a stout cord. To steady the apparatus the cord 
is continued tothe floor and tightly tied toa screw- 
eye @ placed directly beneath the hook ¢ in the 
ceiling. This form of support is not as rigid as 
that in Fig. 2, yet the motion of the gyroscope is 
not appreciably affected because of this. 

When the weight ¢ is adjusted so that the gyro- 
scope is balanced, there is no tendency for the 
axis ac to change its direction when the wheel is 
givenarotatory motion. However, if the weight 
¢ is moved along the axis the center of gravity of the system is changed 
and the gyroscope becomesa gyroscopic pendulum ; if ¢c is moved toward 
4 it becomes a gyroscopic pendulum with its center of gravity displaced 
towards the fly-wheel. If the fly-wheel is given a rotatory motion, then 
if the weight ¢ is released and the instrument left to itself precessional 


Fig. 2, Fig. 2a. 


Fig. 3. 
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motion will begin accompanied by marked oscillations. If the direction 
of rotation of the fly-wheel is as indicated by the arrow, 7. ¢., negative when 
looking along the axis from the point of support 6, the trace of the axis of 
the gyroscope will be the cycloidal path xy, and its direction (looking 
down) is positive. The size and frequency of the oscillations depend upon 
the speed of the fly-wheel, becoming smaller and more frequent as the 
speed is increased. It might be well to state that the rotation is imparted 
to the wheel by inserting a small rod or wire nail between the spokes where 
they cross near the hub, and turning the wheel as by a crank of short 
radius. Thus a large angular velocity can be imparted to the wheel ; 
though this is much smaller than the angular velocity of the fly-wheel of 
the ordinary gyroscope. Even at this comparatively small speed of ro- 
tation the gyroscope maintains the plane of its axis fairly well fixed for 
some time. ‘The oscillations xyof the axis are noticeable until the gyro- 
scope has precessed 6 or 7 complete revolutions. If ¢ is moved away 
from the support we are led from geometrical considerations to expect that 
the precessional motion will be in the opposite direction, with the cusps 
of the cycloidal path pointing downward. ‘The position of the gyroscope, 
cycloidal path, etc., when ¢ is moved out, is given by averting Fig. 3. 
In Fig. 4 is represented the gyroscope in the form of a gyroscopic pen- 
dulum of considerable length. In this form, probably better than in any 
other, is shown the resistance offered to any change in the direction of 
the axis. Especially is this noticeable if the rod a/ is slightly flexible. 


Fig. 4. Fig. 5. 


To make the apparatus assume the form of a top it is only necessary to 
loosen the compression nut, withdraw the rod, and insert in its place a 
wooden point. The top is shown in Fig. 5. If the bearings are free, 
the axis af will not turn. It may be interesting to know that even in 
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this form the oscillations are noticeable, but for no longer than one re- 
volution of precessional motion. 

This form of gyroscope has several advantages over the ordinary form. 
The large diameter of the wheel and consequently small angular velocity 
make the precessional and oscillatory motions slow, thus enabling the 
same, especially the latter, to be followed more easily. The friction at 
the hub, in proportion to the masses in motion, is very much less in the 
bicycle wheel gyroscope because of the ball bearings. The friction at 4 
(Figs. 2 and 3) is but little felt, since the lever arm aé is quite long. 
Still another advantage is its simplicity. It is within the reach of every 
one who possesses a bicycle. It cannot fail to attract the person who 
seeks merely for a qualitative explanation as well as those who wish to 
apply more rigid analytical methods, and it is for these reasons that the 
foregoing is submitted. 

PHYSICAL LABORATORY OF CORNELL UNIVERSITY, June, 1900. 
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AUTOMATIC TEMPERATURE REGULATOR. 


AN AUTOMATIC TEMPERATURE REGULATOR. 
By Cuas. T. KNipp. 


URING the past two years while conducting some experi- 
mental work it was necessary to maintain a piece of appa- 
ratus at constant temperatures for a day or more at atime. The 
range used was from room temperature to 380°C. The heating 
was by means of the electric current, the source of which was a 
110-volt Edison dynamo. This current fluctuated under a varying 
load so that the heat from the coils was unsteady. Even if the 
current were steady some regulating device would be necessary if 
it were desired to keep the temperature constant for some time. 
To this end an automatic regulator was devised. Two CuFe 
thermostats ad, ad’ were clamped with their backs together as shown 


M 


cu-FE 
THERMOSTAT 


R 


xr 


b P 


Fig. 1. 


in Fig. 1. JZ, the main support, carried at its upper end an arm 
Ma from which at a the thermostat was suspended by pivots. The 
lower end of the arm ad’ was fastened by pivoted connections di- 
rectly to the support J/N, thus leaving the lower end of aé free to 
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move in the plane of the paper, its motion being that due to both 
branches of the thermostat. This motion communicated by an 
aluminium rod xy to a system of pivoted aluminium levers mounted 
on a vertical board RS. The first lever had its fulcrum on a mov- 
able support at c which was capable of adjustment up and down by 
means of a thumb-screw at d. The motion of the lower end of 
this lever was communicated to another lever ¢f. This lever was 
mounted on a separate board rs, and both lever and board were 
pivoted concentrically at oto RS. The lower end of ¢f terminated 
in a platinum ring. Another lever supported on vs and pivoted at 
h was held lightly against a stop ¢ by a delicate spring at 4. The 
lever ig was flattened at its lower end and carried a platinum sur- 
face on which f played. All of the joints p were delicately pivoted 
needle points. The amount of motion at / could be varied through 
a considerable range by adjusting the length of the levers of and c/. 
Wires led from o'and /# toa relay which in turn operated an ordi- 
nary sounder that controlled a part of the heating current. 

The heating coils were in two sections ; one to heat the oven to 
within 5 or 10 degrees of the temperature desired, and the other to 
furnish the heat that was needed to keep the temperature constant 
by means of the regulator. By swinging 7s about o the two plati- 
num contacts could be adjusted to correspond to any temperature. 

The oven consisted of a sheet iron box lined both inside and out 
with 14-inch asbestos. To still further guard against radiation 
the oven was surrounded with an asbestos-lined wooden jacket, 
leaving an air-space of about two inches between the two. Win- 
dows of heavy plate glass were placed in the opposite walls of the 
oven and jacket. The thermostat was placed within the oven and 
about one inch from one of the walls. The rod xy extended 
through an opening in both walls, communicating the motion of the 
thermostat within to the system of levers without. Care was taken 
to have this opening as small as possible, yet to insure freedom 
of motion. The heating coils were placed at the bottom, and 
the bulb of the thermometer extended down to about the center of 
the oven. No attempt was made to screen the direct radiation 
from the coils. The windows enabled the coils to be seen and 
overheating was thus avoided. 
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Two curves were platted. The first (Fig. 2) shows the variation 
of the temperature of the oven when the apparatus was adjusted 


10 15 20 
HALF MINUTE INTERVALS 


Fig. 2. 


for 25, and the second (Fig. 3) when adjusted for 375 degrees centi- 
grade. At the low temperature the first section of the heating 
coils was dispensed with, since the temperature was but a few de- 
grees above that of the room. At first the variation in temperature 
was nearly 114 degrees, but in the course of fifteen or twenty min- 
utes it reached a fairly steady condition, it being some less than .5 
of a degree. By better adjustment, no doubt, a less variation 
could have been obtained. At the high temperatwre both sections 


377; 


375 
HALF MINUTE INTERVALS 


Fig. 3. 


were used. The resulting curve is more broken (Fig. 3) ; it falls 
from a maximum in much less time than at the low temperature. 


Both curves are steeper while heating than while cooling, indicating 


that the regulating coil was too hot, 7. ¢., it took longer to cool 
through a given range of temperature than to heat through the 
same range. The regulation at the high temperature, after the lapse 
of some minutes, was within a half degree. 

The essentials to success in this method of automatic tempera- 
ture regulation are that the friction must be reduced to a minimum 
by using needle point bearings, and that the platinum contact be 
kept bright. An ordinary gravity cell with considerable resistance 


in the circuit will operate the relay. 
PHYSICAL LABORATORY, CORNELL UNIVERSITY. 
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THE SPECIFIC INDUCTIVE CAPACITY OF DIELEC- 
TRICS IN A MAGNETIC FIELD. 


By EDWARD COLERIDGE ROBERTS. 


HE experiments of Faraday and Kerr on the behavior of polarized 

light in passing through various media, when these are in a mag- 

netic field, or subject to dielectric strain, make it seem possible that the 

presence of a magnetic field may have some effect on the specific induc- 

tive capacity of a dielectric. The following experiments were undertaken 
in order to discover if possible whether such an effect exists. 

Although the method of attacking the problem was varied, the whole 
procedure was based on the fact that if a condenser be charged and in- 
sulated, any chanfe in the specific inductive capacity will manifest itself 
as a change in the potential difference between the coatings. 

The dielectrics studied (glass, hard rubber, and vulcanite) were used 
in the form of small condensers. Sheets of tinfoil 5.3 cm.? were fastened 
on opposite sides of a plate of the dielectric, which was in each case 
about 20 X 25 cm., thus making the leakage path rather long. In the 
case of glass the whole condenser was covered with shellac to further de- 
crease the leakage. The direction of the electric strain was parallel to 
the lines of magnetic force in nearly all cases. 

The magnet used had 2,300 turns on each arm, and was capable of 
maintaining a field of 1,500 lines per cm.’ across an air gap of 3.5 cm., 
the pole pieces being 5.3 cm. square. ‘This wide air gap was made nec- 
essary by the fact that the condenser and its connections had to be en- 
closed in a metallic shield, which was grounded, in order to protect them 
from induced charges set up by the windings of the magnet. It was 
found necessary to extend the shielding over the electrometer also, as 
otherwise the false deflections would render any accurate readings impos- 
sible. 

In the first method the quadrants of the electrometer used to measure 
the potential of the coatings were kept charged to about 300 volts.’ 
One side of the condenser was grounded and the other connected to the 
needle of the electrometer, and at will to one pole of a battery of 100 
water cells, the other pole of which was grounded. ‘The test as to 
whether proper conditions of screening had been arrived at was that no 
deflection should be observable when the field was established through 


! This difference of potential was furnished by a battery of 600 water cells. 
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the uncharged condenser. Condenser and needle were then charged as 
mentioned above, and insulated. The magnetic field was then estab- 
lished, both directions of field being obtainable by means of a reversing 
switch placed in the circuit. If now a deflection of the electrometer 
were observed, coinciding in time with the presence of the field, it would 
indicate that some change had taken place in the dielectric, presumably 
a change in the specific inductive capacity. When such measurements 
were made in the case of hard rubber and vulcanite the change, if it ex- 
isted, was so small as to be unobservable. A method for glass based on 
the rate of discharge was tried, but the results were inconclusive. The 
sensitiveness of the electrometer was such that a variation of potential, 
and therefore a change of specific inductive capacity, by an amount equal 
to 1/500 of the whole could have been detected. 

The second method of procedure was as follows: A very constant 
alternating current was obtained by driving a small generator from a 
storage-battery-driven motor, and exciting the fields of the generator 
from another section of storage battery. The terminals of the generator 
were closed by a circuit containing one of the condénsers used in the 
previous work, and a resistance consisting of 5 m. of lead pencil mark 
on ground glass. ‘The condenser was as before held between the 
poles of the magnet, and it and its connections were as before enclosed 
in metallic shields. ‘The potential difference across the resistance was 
measured by means of the electrometer, used idiostatically. 

The amount of current which could flow in this circuit depended, 
among other things, on the specific inductive capacity of the dielectric. 
If, therefore, this was changed by the action of the magnetic field, the 
current would suffer a similar change, and this would be indicated by the 
variation of potential across the resistance. Inasmuch as the coatings 
were joined by a metallic conductor, no difficulty was experienced in 
getting rid of induced charges. Each of the condensers used in the 
previous work was studied by this method, but in no case was any 
change of potential evident when the magnetizing circuit was closed. 
The accuracy which the method permitted precluded a change in the 
specific inductive capacity greater than 1/200. 

The third method of study, which seemed to be more accurate than 
either of the other two was applied to the rubber plate only. Two con- 
densers of the same size as before were formed on the same plate, a little 
distance apart. The plate was so placed in the field that one was in the 
most intense part, and the other removed from that part by about twice 
the width of the air gap between the poles. The two coatings on 
one side were connected and grounded. Wires from the two coatings 
on the opposite side were connected to the opposite quadrants of the 
electrometer, and were so arranged that both could be charged to a 
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fairly high potential and insulated. The electrometer needle was charged 
by a spark from an electrophorous. ‘The shielding arrangements were 
the same as in the other cases, and much more perfect results were 
obtained from the fact that the electrometer was connected to two like 
coatings, which were subject to the same sources of electrostatic dis- 
turbance. 

If the presence of a magnetic field altered the specific inductive capa- 
city, such a change would differ in amount in the two condensers, be- 
cause the field strengths were different in the two cases, and this would 
have been shown by a relative change of potential between the two like 
coatings. This test when applied led, like the preceding ones, to nega- 
tive results. Experiment showed that a potential of 1/50 volt was 
observable when the electrometer was used in this manner. Since the 
potential of the charge was about 70 volts the smallest observable change 
would have been 1/50 of 1/70 of the whole, or 1/3500, and this would 
have been the relative change of specific inductive capacity due to the 
field. This method therefore shows that if the suspected effect exists its 
value is less than 1/3500 of the whole, assuming that the magnetic field 
at the second condenser is small. 

These experiments were merely preliminary ones, and were under- 
taken principally for the purpose of getting a measure of the general 
nature and difficulty of the problem. To get results of any real value 
much greater refinements of measurement, and more perfect means of 
eliminating disturbances, must be employed. It has seemed worth while 
to call attention to the work now only because the subject is one in 
which, so far as the writer is aware, very little work has been done. 


PHYSICAL LABORATORY OF CORNELL UNIVERSITY, November, 1900. 
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PERMANENT TORSION. 


NOTE ON THE EFFECT OF TENSION ON THE PER- 
MANENT TORSION OF A WIRE. 


By J. R. Brenton. 


HEN a wire hangs free and weights are fastened to its lower end, 

it has been observed that a change of the weights causes the wire 

to twist in one direction or the other, and to come to rest at a different 

position. An investigation of these phenomena has been made by Him- 
stedt.' 

It is curious to note that similar changes in the permanent torsion of a 
wire are caused by increasing its tension when it is clamped fast at top 
and bottom, as well as when it hangs free. Such changes appear to be 
due to inhomogeneity and internal strains of the wire; yet great precau- 
tions to get rid of these causes failed to prevent the change in torsion 
from occurring. Each wire was heated twice to dull redness under the 
greatest safe load, and then left hanging free under a considerable load 
for at least twenty-four hours, before it was clamped at the bottom. 

The observations were made in connection with an investigation of 


the dependence of the modulus of torsion on tension. Details of the 
arrangement and treatment of the wires will be found there. 

The following table gives (in degrees of arc) the torsion of various 
wires, when different weights were hung on them. ‘The wires were each 
about three meters long. 


1 Wiedemann’s Annalen (3), Band 17, p. 701. 
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NEW BOOKS. 


A Treatise on the Kinetic Theory of Gases. By S. H. Bursury, 
M.A., F. R. S. Pitt Press, Cambridge. 1899. 


Once more we have before us an attempt to put the kinetic theory of 
gases on a more secure basis. In a modest volume of 157 pages, Mr. 
Burbury has made an effort to examine more carefully the assumptions, 
tacit or otherwise, and where these are faulty or not properly carried 
through to their logical conclusion, to correct the formule. And these 
are not easy tasks. ‘The problem of the subject stated briefly is as fol- 
lows: To find the circumstances of the motion of a dynamical system 
consisting of an infinite number of separate bodies each of which may 
have any number of degrees of freedom. ‘The problem is of course not 
even theoretically soluble without an exact specification of the forces and 
the initial circumstances of the motion, but by making certain assump- 
tions we are able to arrive at some results concerning the motion of the 
system. It i®on these assumptions that the main interest of Mr. Bur- 
bury’s volume centers. Delicate questions in the theory of probability 
have to be negotiated and even when these are settled the mathematical 
pitfalls are as numerous as those encountered in finding a rigorous proof 
of ‘Taylor’s theorem. 

The main idea of the author is best given in his own words. He says 
that the kinetic theory of gases ‘‘ has always been treated on a certain 
fundamental assumption, namely, that the molecules of a gas are, as 
regards their relative motion, éadependent of one another. As a conse- 
quence, we may say as the expression, of that independence, the law of 
distribution of momenta assumes the exponential form ¢—“*, and, so far 
as concerns translation velocities, 


m being mass, and uw, v, «# component velocities. From this inde- 
pendence and from this form of Q are deduced Boltzmann’s theorems, 
namely the /7 theorem, and that of the equality of mean kinetic energy, 
for each degree of freedom. 

I propose to give to Q the more general form of a quadratic function, 
namely, 


= + + + + we’). 


Here é is a negative function of the distance ~ at the instant considered 
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between the two molecules whose velocities are w, u’, etc., which function 
is inappreciable except for very small values of 7. . . . ‘The consequence 
of attributing to Q the proposed new form is, that molecules near to each 
other have on average a motion in the same direction. They tend to 
form streams.’’ 

In order, then, to clear away doubts at the outset, the author ex- 
amines the conditions under which the previous form of Q has been es- 
tablished. ‘There is condition 4, in which the chance of any molecule 
having a velocity between given limits is independent of everything else 
but that velocity and, in particular, independent of the motions and posi- 
tions of the other molecules ; and condition #, in which the chance is 
not independent of these other circumstances. From another point of 
view the question is this. Can the ordinary kinetic theory, in which we 
search for a stationary motion, be shown to include the case where the 
molecules have a sensible effect on one another? If not, in what re- 
spects must the theory be altered? ‘The condition 4 leads to the Max- 
well distribution. To what distribution will condition A lead ? 

The earlier part of the book is therefore devoted to the examination of 
the limitations of the results obtained under condition 4, and it is shown 
that stationary motion is impossible with the first form of Q unless the 
molecules are independent. After this destructive criticigm the author 
proceeds to examine the second form of Q in the light of condition A. 
Stationary motion becomes possible even when the molecules do influence 
one another provided the coefficients ~ fulfill certain conditions which may 
be considered probable. In gases under ordinary conditions, Mr. Bur- 
bury believes that these coefficients are quite small so that no sensible 
error will be made by omitting them. ‘Thus condition 4, which theo- 
retically applies only to an infinitely rare medium, is practically very 
little in error unless the gas becomes very dense. An interesting con- 
clusion is that under condition A, the molecules tend to form streams and 
the author sees in this tendency a suggestion as to the manner in which 
condensation takes place under increased pressure. The argument by 
which he arrives at these conclusions is not, however, altogether convincing. 

To follow Mr. Burbury through the various steps to the last chapter 
which treats of the second law of thermodynamics would lead us outside 
the scope of this review. For these the reader is referred to the book 
itself. As amathematical treatise it will not be found to be easy reading, 
partly owing to the nature of the subject and partly owing to the concise- 
ness of the author’s style. An acquaintance with the earlier books of 
Watson, Boltzmann or Meyer will be found to be necessary for under- 
standing his position and indeed the details of hisarguments. ‘The book 
thus appeals mainly to specialists and it would be ungenerous to point out 
its defects as a text-book. It is, in fact, the compilation of the valuabie 
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work which Mr. Burbury has been doing for some years past and as such 
will be welcomed by those who take an interest in the subject and appre- 
ciate the value of Mr. Burbury’s services to it. 

ERNEstT W. Brown. 


Introduction to Physical Chemistry. By James WALKER, D.Sc., 

Ph.D., Professor of Chemistry in University College, Dundee. 

There are few teachers of physical chemistry who have not been asked 
what book ought to be read before the larger text-books are undertaken ? 
And everyone has doubtless felt the lack of any adequate work to recom- 
mend at this stage of development. It is true that the little book by 
Reychler on the elements of physical chemistry is both clear and concise, 
but it is a text-book, and a text-book as such is not what is desired at the 
beginning. The students of chemistry wish first to look at some length 
into certain interesting phases of physical chemistry, and then to take 
up a systematic treatment of the subject. 

Professor Walker has evidently felt the need referred to and has en- 
deavored to meet it. To quote from his preface, ‘‘ This book makes no 
pretensions to give a complete or even systematic survey of physical 
chemistry. Its main object is to be explanatory. I have found in the 
course of tens years’ experience in teaching the subject, that the average 
student derives little real benefit from reading the larger works which have 
hitherto been at his disposal, owing chiefly to his inability to effect a con- 
nection between the ordinary chemical knowledge he possesses, and the 
new material placed before him. He keeps his everyday chemistry and 
his physical chemistry strictly apart, with the result that instead of ob- 
taining any help from the new discipline in the comprehension of his 
systematic or practical work, he merely finds himself cumbered with an 
additional burden on the memory, which is to all intents and purposes 
utterly useless. This state of affairs I have endeavored to remedy in the 
present volume by selecting certain chapters of physical chemistry, and 
treating the subjects contained in them at some length.’’ 

The origin of the Atomic Theory is traced and the methods of deter- 
mining Atomic Weights. The development of our conception of Element, 
Atom and Molecule is followed up, and a table of the most accurate 
atomic weights is given. The Periodic System is treated both from the 
relation between physical properties and atomic weights, and chemical 
properties of the atoms and their relative weights. Chapters on Solu- 
bility, Fusion and Vaporization are followed by a clear and concise dis- 
cussion of the Kinetic Theory of Gases and Van der Waal’s equation. 

The chapter on the Phase Rule deserves special comment. Of all the 
subdivisions of physical chemistry, this has hitherto impressed the student 
as the least satisfactory. ‘This is not surprising when we consider in what 
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a mist of verbose complexity these comparatively simple matters have 
generally been shrouded. 

Here we have for the first time in English a concise presentation of 
the fundamental principles which underlie this important contribution, 
not only to physical chemistry, but to chemistry as a whole ; and it is a 
matter of no little pride to an American that the key to the phase law 
was furnished by J. Willard Gibbs. 

The chapter on Osmotic Pressure and the Gas Law is followed by an 
Application of the Laws of Gases to Dilute Solutions, and the Freezing- 
point and Boiling-point methods of determining molecular weights are 
discussed. Under Electrolytes and Electrolysis there is taken up the 
method of measuring the Velocity of Ions and the Kohlrausch conductiv- 
ty method. The chapters on Electrolytic Dissociation, Chemical Dy- 
namics and Statics, Relative Strengths of Acids and Bases, and Applica- 
tions of the Dissociation Theory, constitute as a whole, perhaps, the most 
important part of the book. 

The work has been very carefully prepared, and Professor Walker has 
undoubtedly made a valuable contribution to physical chemical litera- 
ture. The book can be heartily recommended to any student who is 
just beginning his career in that field which has already revolutionized 


chemical thought. Harry C. Jones. 


Legons de Chimie physique. By J. H. van’t Horr; translated by 
M. Corvisy. Part II., Chemical Statics. Paris, A. Hermann, 
1899. 16X25 cm.; 162 pp. 

Under chemical statics the author discusses the ‘‘ constitution of mat- 
ters, atoms, molecules, structure and configuration of molecules.’’ We 
have the atomic theory developed by a man who may, without much ex- 
aggeration, be called the founder of modern stereochemistry and modern 
physical chemistry. The subject is divided into three parts: molecular 
weight and polymerism ; molecular structure and isomerism : molecular ar- 
rangement and polymorphism. This arrangement is not only the rational 
one but the historical one. It is the one we use continually in all our 
chemical research. When we find two different substances with the same 
percentage composition, we assume that there is a difference in molecular 
weight. If this hypothesis be disproved, we try chemical isomerism, 
stereochemical formulas coming in as a last resort under this head. 
When this fails, we throw up our hands in despair and classify our 
ignorance under the caption ‘‘ physical isomerism.’’ 

Under the heading, molecular weight and polymerism, the main sub- 
divisions are: molecular weight determinations in dilute gases, molec- 
ular weight determinations in dilute solutions, solid solutions. Under 
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molecular structure and isomerism we have a short section on the deter- 
mination of constitution and a long one on the determination of con- 
figuration. ‘The chapter on physical isomerism deals first with equili- 
brium relations and then with crystallographic theory. The chief 
characteristic of physical isomerism as the author uses the term is that it 
is a function of the solid state only. It is thus a property of the crystal, 
and for this reason the crystallographic theory finds its place in this 
chapter. 

Apart from the clearness of arrangment and of expression, the book is 
to be welcomed as a step, possibly an unconscious one, in a new direction. 
The organic chemistry of to-day, like the inorganic chemistry of to-day, 
is essentially a qualitative science. We say that one substance loses water 
or carbonic acid, or something, when treated in a certain way, while an- 
other takes up water or hydrobromic acid, or something, when treated in 
some other way. Further than that we do not go. ‘This state of things 
will cease so soon as we begin applying the methods and tests of physical 
chemistry to the problems of organic chemistry. While van’t Hoff has 
sedulously refrained from calling attention to the fair kingdom soon to 
be overrun by the irrepressible vandals, the physical chemists, he has 
given us a most excellent map of the outlying country. 

WiLper D. BANCROFT. 


Scientific Papers, Vol. Ul. By P. G. Tair, M.A. Cambridge, The 


University Press, 1900. Large 4to., cloth, pp. xiv + 500. 

The scientific papers of Tait, which are now being published by The 
University Press, will be completed in a third volume that will contain 
the final papers of the author, a complete list of all his published articles 
and a general index. The first volume was considered in the REvIEw 
for August, 1899. The volume now appearing contains a number of 
papers on mathematical and physical subjects, among which we enumer- 
ate the following: Report on some physical properties of water, 68 pp. ; 
on the foundations of the kinetic theory of gases, 88 pp. ; on impact and 
the path of a rotating spherical projectile, 91 pp. ; on the linear vector 
function, 21 pp.; the articles on thermodynamics, radiation and con- 
vection, and quaternions, from the Encyclopedia Britannica, 44 pp.; on 
the teaching of natural philosophy, 15 pp. 

Altogether, the volume contains a notable collection of original papers, 
in which any mathematician or physicist can find much interesting and 
instructive matter. 

We find in this volume that even the play spells of the author have 
yielded their contribution to science, since the articles on impact and the 
path of a rotating projectile, arise out of, and are constantly illustrated 
by, the phenomenal actions of a golf ball. For example, the fact that a 
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golf ball can be ‘‘jerked’’ nearly as far as it can be ‘‘driven,’’ seems 
to have started a long train of reflections in the mind of Tait, and 
to have resulted in considerable laboratory, as well as field practice. 
Historical investigation by Tait has also revealed that Newton was familiar 
with the effects of rotation on a spherical projectile as exhibited by a 
court tennis ball, and that he gave a theoretical explanation of this effect 
to which no real improvement or extension had been made up to 1893, 
when Tait began his papers. Popular articles on the subject by Tait have 
appeared in JVature, and his popular sketch of the main results, so far as 
they are applicable to the game of golf, will be found in the Badminton 
Magazine for March, 1896. 

The subjects of impact, rotation, resistance of the air to moving bodies, 
and various other phenomena pertaining to the game of golf, are still 
being pursued by Tait. We must naturally conclude that field practice 
in the game is a necessary adjunct to these pursuits, if for no other pur- 
pose than that of experimental illustration and test of scientific philos- 
ophy. ‘The reviewer acknowledges that he has hitherto had a more 
partial fondness for the erratic curves and twists of a lawn tennis ball, but 
he has again to acknowledge his indebtedness to Tait for new light upon 
a subject, and to admit that a desire has been aroused to learn more of 
the fine points of the game of golf. 


ARTHUR S. HAaTHAway. 
POLYTECHNIC INSTITUTE, TERRE HAvuTE, IND. 


Theory of Screws. By Sir R.S. Batt. Cambridge, The Univer- 

sity Press, 1900. 8vo, cloth, pp. xix + 544. 

This publication will be welcomed by those who desire to acquire a 
thorough knowledge of the most recent developments in the dynamics of 
rigid bodies. Dr. Ball’s previous volume on the subject (1876) is not 
only out of print, but also out of date, on account of the many impor- 
tant additions and extensions that have been since made by him. ‘The 
present volume, contains the full development of the subject, including 
the latest, and froma geometrical point of view, the most important 
piece of work of the author. There isalso a set of biographical notes on 
the principal works that bear upon the subject, a very complete table of 

. contents, and an index. Appendix II. is a reprint of Dr. Ball’s exceed- 
ingly pointed and humorous address to the mathematical and physical 
section of the British Association, in 1887, entitled, ‘* A Dynamical Par- 
able.’’ ‘The parable begins, ‘‘ There was once a rigid body which lay 
peacefully at rest. A committee of natural philosophers was appointed 
to make an experimental and rational inquiry into the dynamics of that 
body.’’ ‘This parable may be regarded as a lively presentation of the 
trials and difficulties that beset the author in his work on the theory of 
screws, particularly with reference to the friendly help of the above com- 
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mittee of natural philosophers, Messrs Anharmonic, One-to-One, Helix, 
Cartesian, Commonsense, and Querulous. It is noted that Mr. Querulous 
objected at first to serve on the committee because the inquiry was all 
nonsense, and because anyhow everybody knew as much as they wished 
to know about the dynamics of a rigid body. 

The theory of screws is founded upon the celebrated theorem of 
Chasles that a rigid body can be moved from one specified position to 
another by a rotation about a corresponding axis and a translation 
parallel tot hat axis, and upon the equally celebrated theorem of Poinsot 
that any system of forces can be replaced by a single force acting along a 
given axis and a couple about that axis. The motion of Chasles is called 
a twist; the force and couple of Poinsot, a wrench. A screw is an axis 
in a definite position with which a definite linear magnitude termed the 
pitch is associated. In a twist about a screw, the pitch is the translation 
along the axis per unit angle of rotation ; in a wrench about a screw, the 
pitch is the moment of the couple per unit of the force. Thus, when a 
screw is specified, a twist about that screw has only its amplitude unde- 
termined, and a wrench about it has only the intensity of the force un- 
determined. 

The work of a twist against a wrench on specified screws, the re- 
sultants of twists and wrenches, the cvlindroid, reciprocal screws, and 
screw codrdinates, constitute the preliminary parts of the subject. The 
cylindroid is the locus of a screw about which the resultant of variable 
twists (or wrenches) on two fixed screws, will act. The surface is the 
locus of a line that meets an axis at right angles and moves up and down 
in harmonic motion, while turning uniformly round the axis in 
double the period of the harmonic motion. Such a line traces on a 
cylinder round the axis the well known curve that projects into the 
Lissajou curves of 1: 2 periods. Reciprocal screws are such that a twist 
about one does no work against a wrench about the other. ‘The resolu- 
tion of a twist (or wrench) upon six given screws constitute the co- 
ordinates of the twist or wrench referred to the six screws. The co- 
ordinates of the screw on which the twist or wrench acts, are the same 
components to a unit twist or wrench. This codrdinate system is a 
powerful one for the subject, and by taking the six screws of reference 
mutually reciprocal, the standard interpretations and calculations are 
made very simple and concise. In fact, one of the striking character- 
istics of the development is the simplicity and directness with which 
some of the most important results are obtained. It may be said, 
briefly, that the theory of screws presents a new set of ideas regarding 
the motions of a rigid body, which open up anew field for theorems that 
can only be stated and proven in terms of these new ideas, but which are 
nevertheless as important in the dynamics of a rigid body as any of the 
ordinary results. 
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There is one slip of the author that is unimportant with respect to the 
subject itself, but which is important as illustrating the dangers of the 
so-called ‘‘ infinitesimal ’’ or ‘‘ indefinitely small’’ analysis. Ball offers, 
in Art. 4, p. 8, a geometrical investigation, which proves nothing- 
unless it be (in accordance with his assumption that the indefinitely small 
motions of the particles of a body are linear, that there is no indefinitely 
small motion except a translation. ‘The indefinitely small motions of 
particles, or of rigid bodies are) in a technical sense, not to be con- 
founded with any actual motions of the body, however small. ‘The term 
‘*instantaneous motion’’ is better, and expresses a motion of the par- 
ticle or body that could take place under the given conditions, and to 
which the actual motion of the body will more nearly approximate, the 
smaller the displacement of the body from its given position. In this 
language we put before the reader the facts of the case, stated in words 
that mean what they say, and not in words that must, like ‘‘ indefinitely 
small,’’ be considered idiomatically, since taken literally they are either 
meaningless or express actually an untruth. There are, of course, vari- 
ous ‘‘ instantaneous motions’’ according to the character of the motion 
considered and the degree of approximation sought to the actual motion. 
In the case of a particle, we have a linear motion along the tangent line, 
a still better circular motion on the circle of curvature, because it takes 
into account the changing direction of motion, and highest of all, the 
motion on the osculating helix of the path. In the case of a rigid body 
the first approximate motion is only possible when the actual motion is 
a translation ; the second approximate motion, only when the actual mo- 
tion is a rotation. What Ball is trying to prove is then that in any rigid 
body moving continuously, the instantaneous motion of each particle in 
its osculating helix is such that the body would retain its rigidity due to 
such separate motions of its particles, and be twisting about a definite 
screw. Algebraically interpreted, the geometric investigation of Art. 4 is 
an attempt to prove by first differential coefficients and rigidity alone, 
results that depend upon the second differential coefficients as well as the 
first. Dr. Ball will find himself in good company in this misapplication 
of the deceptive infinitesimal analysis, since some of the best mathema- 
ticians from Leibnitz down have derived results both true and false by a 
species of infinitesimal reasoning whose logic was equally infinitesimal 


in value. 
ARTHUR S. HATHAWAY. 
RosE POLYTECHNIC INSTITUTE. 


Discourse on the Method of Rightly Conducting the Reason and Seeking 
Truth in the Sciences. By Rent Descarres. ‘Translated by JOHN 
VeircH. Pp. vi+87. Chicago, The Open Court Publishing Co., 
1899. 
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Elementary Illustrations of the Differential and Integral Calculus. 
By Aucustus DE Morcan. Pp. viii+142. Chicago, The Open 
Court Publishing Co., 1899. 

The Evolution of General Ideas. By Tu. Risot. Translated by 
Frances A. WELBy. Pp. xi+231. Chicago, The Open Court Pub- 
lishing Co., 1899. 

The issuing of these three volumes is in accordance with the educational 
plan of the publishers to make more generally known the scope and 
methods of science. 

Descartes’s Discourse on Method, first published in Leyden in 1637, 
will ever be instructive, and it is particularly appropriate that this essay 
should be made readily accessible at this day, when so called ‘‘ scientific 
method ’’ is so much discussed. 

De Morgan’s Ca/cu/us is intended, aside from its interest to mathema- 
ticians, to disseminate an adequate appreciation of the methods of the 
calculus among the public at large. The work originally appeared in 
1822, and in the present volume it is reprinted in substantially its original 
form. 

Ribot’s Evolution of General Ideas is a résumé of psychological lectures 


given in 1895. F.B 


Electric Power Transmission, a Practical Treatise for Practical Men. 
(Second edition.) By Louis BELL. New York, Electrical World and 
Engineer, 1899. Pp. 505. 

This new edition of a well-known work differs chiefly from the earlier 
edition (1897) in the addition of a chapter (XIV.) on the present state 
of high voltage transmission, the changes in the remainder of the book 
being of minor importance. As the author points out in his preface, no 
great advance in power transmission has been made since the issue of the 
earlier edition, the most important advance being transmission at high 
voltages and long distances, the highest voltage in commercial use ad- 
vancing from 14,000 to 40,000, and the distance of transmission from 
35 to 80 miles. The paper by C. F. Scott (Transactions American Insti- 
tute of Electrical Engineers) on high voltage transmission, containing the 
result of investigations by R. D. Mershon at Telluride, Col., and by 
other engineers of the Westinghouse Company, is at present our most 
valuable source of information on this subject and forms an important 
part of the added chapter. The measurement of the energy losses due to 
brush discharge between wire and wire through the air is an important 
contribution to our knowledge. At 20,000 volts this charge is sufficient 
to be slightly luminous at night and at 50,000 volts the wires are plainly 
visible for a long distance. 
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Save for the added chapter, the book is essentially the same as the 
first edition ; it has been the author’s purpose to set forth fundamental 
facts and not to discuss theories of which the practical results are known. 

F. BEDELL. 


The Management of Dynamos. G. W. Lummis. Paterson. 


This work is a compendium of information and advice relative to the 
operation of dynamos and motors. ‘The fundamental physical concep- 
tions of the magnetic field and the generation of an electro-motive force 
are given in concise form and a complete statement of the behavior of the 
dynamo, with its faults and their remedy, follows the introductory matter. 
The arrangement of numbered and lettered paragraphs, especially valu- 
able in a reference work of this class, is to be commended, as is also the 
fact, that, while the book was written in England it contains nothing that 


does not bear directly on American practice. 
Henry H. Norris. 


Ostwald’s Klasstker der Exakten Wissenschaften, No. 110. Die Ge- 
zetze,des chemischen Gleichwichtes fiir den verdiinten gasformigen 
oder gelésten Zustand. By J. H. van’r Horr. Leipzig, Wilhelm 
Engelmann, 1900. Pp. 
No. 110 of Professor Ostwald’s reprints contains van’t Hoff’s well-known 

paper on the laws of chemical equilibrium, translated by George Bredig. 

This memoir appeared originally in Swedish and since even for those 

who read the Scandinavian tongues the Proceedings of the Swedish 

Royal Academy of Science are not readily accessible, physicists and 

chemists alike will feel indebted to the translator and to the editor for 


reproducing it in this available form. 
E. L. N. 


Ziegler Hand Dynamo. 


The dynamo shown gives a current of 
four ampéres, at an electromotive force of 
fifty volts. It will therefore permit of the 
employment of the ordinary 50-volt lamps 
of commerce for demonstration or experi- 
ment. It runs easily and is an_ ideal 
machine for the college and laboratory. 


ZIEGLER ELECTRIC CO., 141 Franklin St.. BOSTON, MASS. 
Send for a copy of Physical Catalogue No. 10. 


Recent Text-Books on Mechanics 


By FREDERICK SLATE 


The Principles of Mechanics 


An Elementary Exposi- By FREDERICK SLATE, Professor of Physics, Univer- 


pry wie A Fs sity of California. Part I., pp. x + 299. 


Mechanics. Cloth, 12mo, $1.90 net. 


The needs of college students at an elementary stage are considered ; but also the value 
of Mechanics as a system of organized thought, of distinct culture value. 


By Sir ROBERT S. BALL 


A Treatise on the Theory of Screws 


By Sir ROBERT STAWELL BALL, LL.D., F.R.S., 

An exhaustive thoroughly Lowndean Professor of Astronomy and Geometry in 
illustrated Treatise. the University of Cambridge. 

Cloth, 8vo, $5.50 mer. 


THE MACMILLAN COMPANY 
66 FIFTH AVENUE NEW YORK 
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A History of Physics 


In Its Elementary Branches, including the Evolution 
of Physical Laboratories 


By FLORIAN CAJORI, Ph.D. 
Professor of Physics in Colorado College. 


Cloth Cr 8vo, $1.60 net. 


This brief popular History gives in broad outline the development of the science of 
physics from antiquity to the present time. It contains also a more complete statement 
than is found elsewhere of the evolution of physical laboratories in Europe and America. 
The ‘book, while of interest to the general reader, is primarily intended for students 
and teachers of physics. The conviction is growing that, by a judicious introduction of 
historical matter, a science can be made more attractive. Moreover, the general view of 
the development of the human intellect which the history of a science affords is in itself 
stimulating and liberalizing. 

*« Prof. Cajori has followed his ‘ History of Mathematics’ with a ‘ History of 
Physics’ that is even more interesting and valuable. . . . Every teacher and student 
of physics should read it and add it to his library. It shows careful study, enthusiasm 
and a comprehensive grasp of the subject.’’—/Journal of Education, 


‘*A most valuable contribution to the subject.’’— Scientific American. 


‘* Probably this will prove the most successful of all Prof. Cajori’s histories.’’ 
— The Nation. 


BY THE SAME AUTHOR 


A | A History of 
History of Mathematics Elementary Mathematics 
Cloth 8vo, $3.50 xe. Cloth 12m0, $1.50 net. 


‘*A most instructive, and at the same 


‘« What we have a right toexpectinsuch . 
time a very readable piece of work, full of 


a handbook is an agreeable narrative of the 


most material events in the history of Curious facts.""—7he Bookman. 

mathematics, and this Professor Cajori in- | ** By nomeans an abridged edition of The 
contestably supplies. The book was much | /istory of Mathematics. It is an entirely 
wanted.’’— Zhe Nation. new book, giving a somewhat detailed ac- 


: ; _ | count of the rise and progress of Arithmetic, 

“A scholarship both wide and deep is — Algebra and Geometry. The book should 
manifest in this History of Mathematics be yead by all teachers of these subjects, 
which the author has infused with hisown = and by mathematical students generally.’’ 


ardor in this department of science.’’ : } —.dmerican Mathematical Monthly. 
—Journal of Education. 

‘The product of wide and scholarly re- 

“*To the student with a love for mathe- search . . . Forits historical facts and its 

matical science this book will be as enter- suggestiveness, this work should be read 

taining as a romance.”’ _ carefully by all students and teachers of 


— The Transcript, Boston. mathematics.’’— 7h%e Dial, Chicago. 


THE MACMILLAN COMPANY, Publishers, New York 
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New Books on Astronomy, Optics, etc., etc. 


Among THE MACMILLAN COMPANY’S Publications 


By sir ROBERT BALL, LL.D. 


The Elements of Astronomy 


By the author of “ Star- 
land,”’ ‘* Atlas of Astron- 
omy,” The Story of the 
Sun,” ‘The Theory of 
Screws,’’ etc., ete. 


By Sir ROBERT BALL, LL.D., Lowndean Professor 
of Astronomy and Geometry in the University of 
Cambridge, formerly Royal Astronomer of Ireland. 

Cloth, illustrated, 80 cents ne/. 


By JOHN COUCH ADAMS 


Lectures on the Lunar Theory 


Pref By JOUN COUCH ADAMS, M.A., F.R.S., late Lown 
5 predecessor, edited by dean Professor of Astronomy and Geometry in the 


University of Cambridge. Cloth, 8vo, $1.25 net. 
versity of Durham. 


By W. HASTIE, D.D. 


Kant’s Cosmogony 
Kant’s Essay on the Re- Edited and Translated by W. HASTIE, D.D., Professor 


tardation of the Rotation of of Divinity, University of Glasgow. With an In- 
the Earth and his Natural troduction and Appendices by and a portrait of 
History and Theory of the THOMAS WRIGHT, University of Durham, 

Fleavens. Cloth, cr. 8vo, $1.90 wer. 


By R. A. HERMAN 


A Treatise on Geometrical Optics 


An extended treatisewth By R. A. HERMAN, M.A., Fellow and Lecturer of 
index, diagrams, ete. Trinity College, Cambridge. Cloth, 8vo, $3.00 met. 


By Sir NORMAN LOCKYER, K.C.B. 


Recent and Coming Eclipses 


_ Accounts of Observations». sie NORMAN LOCKYER, K.C.B., F.R.S., author 
India, 1898, with Condi- of ‘*The Sun’s Place in Nature,’ etc. Second 
tions of Eclipses of 1900, Edition. Tlustrated. Cloth, 8vo, $2.00 se?. 
and 1905. 


Send for our latest classified catalogue. Address, 


THE MACMILLAN COMPANY, 66 Fifth Ave., New York 
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Standard Text-Books on General Physics 


The Elements of Physics 
FOR USE IN HIGH SCHOOLS. 
By HENRY CREW, Ph.D., Northwestern University. 
Second Edition, Revised, loth. $1.10, xet. 


Elements of Theoretical Physics 


By DR. C. CHRISTIANSEN 
Professor of Physics, University of Copenhagen 
TRANSLATED INTO ENGLISH BY 


W.F. MAGIE, Ph.D.,Professor of Physics, Princeton University Cloth. 8vo. $3.25, net. 


Problems and Questions in Physics 
CHARLES P. MATTHEWS, M.E., sx» JOHN SHEARER, B.S. 


Purdue University Cornell University 


8vo. Cloth pp. 247+4. Price $1.60, net 


Ain Intermediate Course of Practical Physics 
By A. SCHUSTER, Ph.D., F.R.S., ax» C. H. LEES, D.Sc. 


Owens College, Manchester Owens College, Manchester 
i2mo. Cloth. pp. xv + 248. Price $1.10 net. 


Lessons on Elementary Practical Physics 
By BALFOUR STEWART, A.M., LL.D., F.R.S., ax» W. W. HALDANE GEE 
Vol. I. General Physical Processes, 12mo. $1.50, er 
Vol. IL. Eleetricity and Magnetism, $2.25, ”¢/ 
Vol. Ill, Part Practical Acoustics, $1.10, 
PatlIl. Heat and Light, /n /ress 


Laboratory Manual of Physics and Applied Electricity 


Arranged and Edited by EDWARD L. NICHOLS 
Professor of Physics in Cornell Unive sity 


IN TWO VOLUMES Vol. 1. Cloth. Price $3.00, net 
JUNIOR COURSE IN GENERAL PHYSICS. By Ernest Merit? and FREDERICK 
J. RoGErs. Vol. IH. Cloth. pp. 444. Price $3.25, net 


SENIOR COURSES AND OUTLINES OF ADVANCED WORK By GeorGE S. MOLER, 
FREDERICK BEDELL, HOMER S. Horcnukiss, CHAS. P. MATTHEWS, and THE EDITOR. 


A large proportion of the students for whom primarily this Manual is intended are preparing 10 
become engineers, and special attention has been devoted to the needs of that class of readers. 


THE MACMILLAN COMPANY New York: 66 Fifth Avenue 
BOSTON CHICAGO SAN FRANCISCO 
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IMPORTANT PUBLICATIONS 


HISTORY OF MODERN PHILOSOPHY IN FRANCE, With twenty-three 
Portraits of French Philosophers. By Professor L. Levy-Baunt, Maitre de Con- 
férences in the Sorbonne, Paris. Handsomely bound. Pages, 500. Price, $3.00 
(12s. ). 


THE HISTORY OF THE DEVIL AND THE IDEA OF EVIL. From tur 
EARLIEST TIME TO THE PRESENT Day. By Dr. Paut Carus. Printed in two colors 
from large type on fine paper. Bound in cloth, illuminated with cover stamp from 
Doré, 500 8vo pages, with 311 illustrations in black and tint. Price, $6.00 (30s ). 


SCIENCE AND FAITH, or MAN As AN ANIMAL AND MAN AS A MEMBER OF 
Society. WITH A Discussion OF ANIMAL Societies. By Dr, PAUL ToPpinarp, 
Late General Secretary of the Anthropological Society of Paris, and Sometime Pro- 
fessor in the School of Anthropology. Pp., 361. Price, cloth, gilt top, $1.50 
(6s. 6d.). 

‘*A most interesting volume.’’—G/asgow Herald, 
Stimulating and suggestive.’’— 7he Scotsman. 


THE EVOLUTION OF GENERAL IDEAS. By Tu. Rinor, Professor in the 
Collége de France. Authorized translation from the French by FRANCES A. WELBY. 
Pp., xi, 231. Price, cloth, $1.25 (6s. 6d. ). 


** All that he writes is lucid and suggestive, and the course of lectures here trans- 
lated is a characteristic contribution to psychology.’’— Na/ure. 


ELEMENTARY ILLUSTRATIONS OF THE DIFFERENTIAL AND IN- 
TEGRAL CALCULUS. By Avucustus De MorGan. New reprint edition. 
With sub-headings and bibliography of English and foreign works on the Calculus. 
Red Cloth. Price, $1.00 (4s. 6d. ). 

' The present work may be safely recommended to those students who are anxious 


to obtain a knowledge of the Calculus which shall be real and abiding.”’ 
—The Speater, London. 


‘*It aims not at helping students to cram for examinations, but to give a scientific 
explaration of the rationale of these branches of mathematics. Like all that De Mor- 
gan wrote, it is accurate, clear, and philosophic.’’—Literary World. 


“‘ It would be difficult to overestimate the value of De Morgan’s works and of the 
importance of rigid accuracy upon which he everywhere insists.’’ 
— The Speaker, London. 


A BRIEF HISTORY OF MATHEMATICS. An Authorized Translation of Dr. 
Karl Fink’s Geschichte der Elementar-Mathematik. By Wooster WoopRuFrF 
BeMAN and Davip EuGeNnr SmitH. With biographical notes and full index. 
Pages, 333+xii. Cloth, $1.50 (5s. 6d.). 


‘*Dr, Fink’s work is the most systematic attempt yet made to present a com- 
pendious history of mathematics.’’-— 7he Outlook. 


THE OPEN COURT PUBLISHING COMPANY 
324 Dearbom Street, Chicago, Ill 
Lonpon: Kegan Paul, Trench, Triibner & Co., Ltd. 
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The Astrophysical Journal 


AN INTERNATIONAL REVIEW OF SPECTROSCOPY AND 
ASTRONOMICAL PHYSICS 
EDITED BY 


GEORGE E. HALE 
Director of the Verkes Observatory 


AND JAMES E. KEELER 


Director of the Lick Observatory 


WITH THE COOPEKATION OF 


Tue LEADING ASTROPHYSICISTS OF THE UNITED STATES AND EvRoPE 
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The Effect of Certain Impurities on the 
Spectra of Some Gases. . Percivat Lewis 
On Professor Keeler’s Photometric Re- 
searches, by Photographic Methods, on 


the Nebulain Orion. . . J. SCHEINER 
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Observations of Comet Spectra 

W. H. Wricurt. 
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Epwin B. Frost 

The Wave-Length of the Green Coronal 
Line,and Other Data Resulting from an 
Attempt to Determine the Law of Rota- 
tion of the Solar Corona W. W.Camppecr 

The Ring Nebulain Lyra James E. Keecer 

Pressure in the Electric Spark 

Joun Frep MouLer 

Minor Contributions and Notes 


NOVEMBER 1899. 


On the Relative Brightness of the Planets 
Mars and Jupiter, from Measurements 
with a New Photometer J. HARTMANN 

The Variable Velocities of 8 Capricorni and 
v Sagittarii in the Line of “~ t 

V. CAMPBELL 


Suggestions for the Determination of Stel- 
lar Parallax by Means of Photography 

FRANK SCHLESINGER 

The Distribution of Stars in the Cluster 


Messier ,3, in Hercules H. K. PALMER 
The Periods of the Variable eI in the 
Cluster Messier 5. . I, BarLey 


Note on the Relation Between the Visual 
and Photographic Light Curves of Varia- 
ble Stars of Short Period S. I. BarLey 

The Annular Nebula // //’. 13 in Cygnus 

E. 

Cn the Effect of Pressure Upon the Wave- 
Lengths of the Lines of the Hydragen 
Spectrum. J. Witsinc 

On the Presence of Oxygen in the Atmos- 

heres of Certain Fixed Stars Davin Git 
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The Wave-Length of the Corona Line 
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Density of Close Double Stars 
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Solar Eclipse Problems Grorcr E. Hate 
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On the Deviations from the Law of Recipro- 
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PORTRAITS 

To satisfy a demand which has arisen, the pub- 
lishers have arranged to issue a limited number of 
copies of the portraits of scientific men, that have 
appeared from time to time as frontispieces in the 
Puysicat Review. 

The portraits are printed in photogravure, on plate 
paper, suitable for framing, and are for sale at the 
very low price of 25 cents each. 
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